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1.0 Introduction

Sumitomo Metal Mining Pogo LLC (Pogo) mine facility is located near Delta Junction, Alaska 99737.
The Pogo facility operates under the Alaska Department of Environmental Conservation (ADEC), Air
Quality Control Minor Permit NumberAQ0406MSSO05, issued on May 12, 2011. In the operation of the
facility, Pogo employs Unit 412 which is an incinerator used to burn facility waste. This test program is
designed to evaluate Unit 412 pollutant emission rates with regard to the Commercial and Industrial
Waste Incinerator (CISWI) emission limits. The test program will serve as an initial performance test to
demonstrate compliance with the CISWI emission standards, and to determine what, if any, pollution
controls are needed to achieve compliance. The field measurements of Unit 412 include the following:

e Particulate (PM);

¢ Nitrogen Oxides (NOy);

e Dioxins and Furans (D/F);

e Cadmium (Cd);

e Mercury (Hg);

e  Sulfur Dioxide (SO,);

e Carbon Monoxide (CO);

e Hydrochloric Acid (HCI); and
e Lead (Pb).

The measurements and analytical procedures to be followed for this test project are accepted United
States Environmental Protection Agency (USEPA) Reference Method (RM) procedures and defined in
the Code of Federal Regulations, Title 40, Part 60 (40 CFR 60), Appendix A. The measurements results
will be provided in the same engineering units as the applicable emissions standards and will be directly
compared to the established standards.

Pogo has retained AECOM, Technical Services, Inc. (AECOM) to perform the required emissions
measurements. AECOM is located at 1601 Prospect Parkway, Fort Collins, Colorado 80525-9769.

Mr. John Rosburg, AECOM Emissions Measurements Managetr, is the Project Manager for this test
program. Mr. Rosburg may be reached by telephone at (970) 219-4904 or by e-mail at
john.rosburg@aecom.com. Ms. Sally McLeod of Pogo will be responsible for the coordination of the test
program and collection of process data. Ms. McLeod may be reached by telephone at (907) 895-2879,
by cell phone at (907) 978-3774, or by e-mail at Sally.Mcleod@smmpogo.com.

The following test plan is organized as follows: the testing approach is provided in Chapter 2.0; a
description of the process is provided in Chapter 3.0; source test methodology, calculations, and
nomenclature are presented in Chapter 4.0; a concise description of the quality assurance/quality control
(QA/QC) procedures to be implemented is provided in Chapter 5.0; copies of the field data sheets to be
used are provided in Appendix A; and copies of the source test methods are provided in Appendix B.
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2.0 Test Approach

This test plan and protocol outlines specific methods and procedures for quantifying average PM, SO,,
NO,, CO, D/F, HCI, Cd, Pb, and Hg emissions results from the Unit 412. All measurements and
procedures are accepted United States Environmental Protection Agency (USEPA) Reference Method
(RM) procedures and are defined in the Code of Federal Regulations, Title 40, Part 60 (40 CFR 60),
Appendix A. Table 2-1 provides the test matrix for the source to be tested and includes the test
parameter, methods to be followed, number of sample runs and run duration. The test matrix shown in
Table 2-1 is based on the performance test requirements of the CISWI rule for small remote incinerators
(see 40 CFR 60 Subpart CCCC, Table 8) The results of the field measurements results will be directly
compared to the CISWI emission standards to evaluate compliance status and determine if pollution
control is necessary.

Table 2-1 Unit 412 Test Matrix
Sumitomo Metal Mining Pogo LLC

Source Test Test Method | Number Minimum Minimum Run

ID Type Parameter of Runs [ Sample Volume| Duration
Incinerator |Performance Sample Points RM1 1 NA NA

Test Velocity RM2 3 NA 60 min
Molecular Weight (O, & CO,) | RM3A 3 NA NA

Moisture RM4 3 21 dscfirun 60 min

Particulate RM5 3 1 dscm/run 60 min

Sulfur Dioxide RM6C 3 NA 60 min

Nitrogen Oxides RM7E 3 NA 60 min

Carbon Monoxide RM 10 3 NA 60 min

Dioxin/Furan RM 23 3 1 dscm/run 120 min

Hydrochloric Acid RM26A 3 1 dscm/run 60 min

Metals (Cd, Pb, Hg) RM 29 3 2 dscm/run 120 min

Pogo must submit the test plan to the ADEC in accordance with the timeline specified in ADEC, Air
Quality Control Minor Permit NumberAQ0406MSS05, Condition 26. Condition 26 states that before
conducting any source test, the Permittee shall submit a plan to the Department. The plan must include
the methods and procedures to be used for sampling, testing and quality assurance and must specify
how the source will operate during the test and how the Permittee will document that operation. The
Permittee shall submit a complete plan within 60 days after receiving a request under Condition 24 and
at least 30 days before the scheduled date of any test unless the Department agrees in writing to some
other time period. Further, at least 10 days before conducting a source test, the Permittee shall give the
Department written notice of the date and the time the source test will begin.

This test plan includes a description of the test methods, duration of sample runs, test locations, and
source operations during testing. No deviations from the selected methodologies are anticipated.

2.1 Schedule

AECOM has scheduled the field program to be conducted on approximately June 28, 2013. On Day 1 of
the field effort, AECOM will prepare the equipment for testing. Day 2 will entail the performance of one
combined PM and HCI sample run, one metals (Cd, Pb, Hg) sample run, one D/F sample run and one
combined NO,, SO,, CO, O, and CO, sample run. On Day 3 one combined PM and HCI sample run,
one metals (Cd, Pb, Hg) sample run, one D/F sample run and one combined NO,, SO,, CO, O, and CO,

Pogo Refinery Performance Test Plan May 2013
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sample run will be conducted. Day 4 entail the performance of one combined PM and HCI sample run,
one metals (Cd, Pb, Hg) sample run, one D/F sample run and one combined NO,, SO,, CO, O, and CO,
sample run. Day 5 will allow for sample runs to be performed if the schedule is not maintained.
Demobilization of the equipment and sample shipping will also be conducted on Day 5.

Per Condition 27 of the permit, Pogo will submit a test notification letter at least 10 days prior to
conducting this source test project to the ADEC. The test notification letter will define the mutually agreed
upon scheduled test dates. If an unforeseen issue requires the test dates to be altered, the ADEC will be
notified as soon as practicable to discuss alternatives.

2.2 Equipment Preparation

All equipment will be prepared and calibrated in accordance with USEPA’s Quality Assurance Handbook
for Air Pollution Measurement Systems, Volume lll; Stationary Source Specific Methods, 40 CFR 60,
Appendix A; and AECOM's general QA/QC policy described in Chapter 5.0 of this protocol. These
procedures meet or exceed all USEPA requirements and guidelines for equipment maintenance and
calibration. All equipment will be in proper working order prior to mobilization to the facility.

2.3 Field Measurements

The Unit 412 incinerator test program will be performed approved USEPA methods. The methods
selected and listed in Table 2-1 above are applicable for the determination of the pollutant parameters
required by the CISWI Rule. The PM/HCI, metals (Cd, Pb, Hg) and D/F samples will be withdrawn
isokinetically from the source and collected on the front-half and condensate portions of the sample train.
The sample volume collected during each run are specific to the pollutant parameter and dictated by the
CISWI Rule. A total of three, with a minimum sample run time of one hour, sample runs will be
performed for combined PM/HCI. A total of three, with a minimum sample run time of two hours, sample
runs will be performed for metals (Cd, Pb, Hg). A total of three, with a minimum sample run time of four
hours, sample runs will be performed for D/F.

The gaseous pollutant (SO,, NO,, CO) and diluents (O, and CO,) parameters will be measured with a
continuous emission monitor system (CEMS). A minimum of three, one hour, sample runs will be
performed. The response of the instruments in the CEMS will be digitally recorded, at one minute
intervals, using Campbell Data Acquisition System (DAS). The CEMS will be calibrated with certified
Protocol 1 calibration gas standards.

2.4 Final Test Report

The Final Report will contain the following sections at a minimum:

e Executive Summary

e Introduction

e Summary of Results

e Source Description and Operation
e Sampling Methodology

e QA/QC Procedures

e Appendices

Pogo Refinery Performance Test Plan May 2013
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The Appendices will contain equipment calibration, field data sheets, calculations, and any other
pertinent data such as process information. The final report will be published and provided to the ADEC
no later than 60 calendar days from the completion of the field program.
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3.0 Process Description and Operation

3.1 Process Description

Unit 412 is an ACS, Inc., Model CA 400, industrial waste incinerator used to reduce the amount of waste
transported off site from the Pogo facility. The unit is fired by propane. The capacities of the unit are as
follows:

e Rated Capacity of 240 Lb/hr - Type '0' Waste;

e Rated Capacity of 400 Lb/hr - Type '1' Waste;

e Rated Capacity of 480 Lb/hr - Type '2' Municipal Solid Waste;

e Rated Capacity of 240 Lb/hr - Type '3' Waste;

e Rated Capacity of 200 Lb/hr - Type '4' Pathological Waste; and

3.2 Process Operation
The emission measurements of Unit 412 will be conducted under normal and representative process
operations at the maximum achievable waste burning rate at the time of testing. For all measurements
associated with Unit 412, all pertinent process and control device operations data will be monitored and
recorded. The following parameters will be monitored and recorded during each sample run;

e Weight of each batch loaded into the incinerator;

e Time interval between batches loaded,;

e Primary oven temperature at 30-minute intervals;

e Secondary oven temperature at 30-minute intervals;

e Primary oven burn time following loading of final batch; and

e Secondary burn time following completion of the primary burn cycle.

Process operations data for the time periods during which testing is conducted will be provided in final
test report.

Pogo Refinery Performance Test Plan May 2013
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4.0 Methodology

The testing program will be performed according to the following accepted and approved USEPA RMs
as contained in the USEPA’s Quality Assurance Handbook for Air Pollution Measurement Systems,
Volume Ill, Stationary Source Specific Methods, 40 CFR 60, Appendix A. The general procedures that
will be followed for this measurements evaluation include:

e RM 1 - Sample Velocity Traverse for Stationary Sources;

e RM 2 — Determination of Stack Gas Velocity and Volumetric Flow Rate (Type-S Pitot Tube);

e RM 3A — Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from
Stationary Sources (Instrumental Analyzer Procedure);

e RM 4 — Determination of Moisture Content In Stack Gases;
e RM 5 - Determination of Particulate Matter Emissions from Stationary Sources;

e RM 6C — Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrumental
Analyzer Procedure);

e RM 7E — Determination of Nitrogen Oxides Emissions from Stationary Sources (Instrumental
Analyzer Procedure);

e RM 10 — Determination of Carbon Monoxide Emissions from Stationary Sources;

e RM 023 — Determination of Polychlorinated Dibenzo-p-dioxin and Polychlorinated Dibenzofuran
Emissions from Municipal Waste Combustors;

e RM 26A — Determination of Hydrogen Halide and Halogen Emissions from Stationary Sources
Isokinetic Method; and

e RM 29 — Determination of Metals Emissions from Stationary Sources.

4.1 Support Measurements for Stack Parameters

USEPA RMs 1 through 4 will be performed in support of the emissions measurements procedures
selected for quantifying pollutant emission rates. RM 1, selection of sample points for velocity and
particulate traverses, will be conducted prior to the initiation of any emission measurements at test
location. The determination of stack gas flow rate, molecular weight, and moisture content (RMs 2
through 4) will be integrated into and performed concurrently with each RM 29 sample run.

4.1.1 Selection of Traverse Points by Reference Method 1

USEPA RM 1, “Sample Velocity Traverses for Stationary Sources,” will be followed for the selection of
measurement points at the test location. The physical characteristics of the test location meet the
minimum criteria of RM 1 for isokinetic sampling. The calculated measurement points will be used for all
isokinetic sample runs.

4.1.2 Flow Rate Determination by Reference Method 2

USEPA RM 2, “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type-S Pitot Tube),” will
be followed to measure the volumetric flow rate during each sample run at the sample location. This
method will be incorporated into, and conducted concurrently with, each isokinetic sample run.

RM 2 allows for a stainless steel Type-S or standard pitot tube to be connected to a differential pressure
gauge (inclined manometer). The measured pressure differential, observed at each traverse point, will
be recorded on field data forms and used in determining the overall emission rate for each constituent.

Pogo Refinery Performance Test Plan May 2013
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In addition to velocity pressures, gas temperatures will be measured and recorded concurrently with all
differential pressure data. The temperature will be measured with a Type K thermocouple located at the
measurement tip of the pitot tube (in the same measurement plane). The Type K thermocouple will be
connected directly to a calibrated digital temperature indicator for accurate measurements.

4.1.3 Molecular Weight Determination by Reference Method 3

USEPA RM 3A, “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from
Stationary Sources (Instrumental Analyzer Procedure),” will be conducted concurrently with the pollutant
measurements at the test location. Sample gas will be continuously extracted from the Unit 412 exhaust
stack and directed to a combination O,/CO, analyzer. Diluent O, and CO, data collected during the
course of the sampling will be used to determine effluent gas dry molecular weight in accordance with
USEPA RM 3A. If isokinetic sampling is conducted without continuous O, and CO, analysis, an
integrated Tedlar bag sample will be collected and subjected to the combination O,/CO, instrument for
analysis. The results of the O, and CO, analysis will be used for the determination of effluent molecular
weight.

USEPA RM 3A analyzer calibration requirements include; three point calibrations using USEPA
Protocol 1 gas standards, and stringent instrument drift requirements. Calibrations will be completed at
80 to 100 percent of the full span value, 40 to 60 percent of the full span value, and 0 percent of the full
span value (ultra-pure nitrogen for both analyzers).

The O,/CO, analyzer will be subjected to a zero and two up-scale calibration gases prior to and upon
completion of the RATA sample runs. The gas standards will be certified and traceable to USEPA
Protocol 1 specifications, which require that the gas concentration be within +1 percent of the
documented value. The response of the analyzers compared to each certified calibration standard must
be within +2 percent of the high calibration gas standard (CS) value for each component as required by
the method.

To calibrate the instruments, the gas standards will be introduced directly to the monitors at the sample
inlet located on the back of each instrument. For the continuous measurements, the amount of bias of
the O,/CO; instrument will also be determined. This will be accomplished by introducing zero and one
span gas to the instrument at the point at which the sample probe and heated sample filter are
connected. The response of the analyzers to the direct zero and span gases (bias check) must be less
than 5 percent of the span value for each component as required by the method. The bias calibration
check will be performed prior to and upon completion of each RATA sample run.

The magnitude of calibration drift will be calculated. Calibration drift is the difference in the initial
(pre-test) bias calibration response and the final (post-test) bias calibration response for the same gas
standard. The calibration drift must be within +3 percent of the CS over each sample run for each
0,/CO, gas standard as required by RM 3A.

USEPA RM 3A, “Gas Analysis for the Determination Dry Molecular Weight,” will be conducted for all
mercury sample runs. Effluent sample gas will be extracted from each exhaust and collected in a clean
dry tedlar bag. Each bag sample will be subjected to an Orsat or Fyrite for analyses of oxygen (O,) and
carbon dioxide (CO,). Diluent O, and CO, analyses results will be used to calculate the effluent gas dry
molecular weight.

4.1.4 Percent Moisture Determination by Reference Method 4

USEPA RM 4, “Determination of Moisture Content in Stack Gases,” will be incorporated into each
mercury sample run. The determination of moisture content will be accomplished by using a condenser
and pump assembly, connected between a sample probe and metering system and performed
concurrently with each RM 29 sample run.

Pogo Refinery Performance Test Plan May 2013
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Throughout each isokinetic sample run, a known volume of gas (measured by a dry gas meter) will be
passed through the condenser assembly. Upon completion of each sample run, the total amount of
condensate collected will be gravimetrically measured and the net gain calculated. The total moisture
gain, volume of gas extracted, and measured meter temperature data will be used to calculate the actual
moisture content of the effluent.

4.2 Particulate Determination by Reference Method 5

USEPA RM 5, “Determination of Particulate Matter Emissions from Stationary Sources” will be followed
to determine particulate emission rates. Each RM 5 will be conducted in accordance with all applicable
USEPA quality assurance requirements

Samples will be withdrawn isokinetically (100 percent + 10 percent) from the source using a modular
isokinetic sampling system. The sampling train will consist of a stainless steel nozzle, heated stainless
steel probe with an S-Type pitot tube attached, a heated filter, four chilled impingers, and a metering
console. The particulate sample will be collected on a quartz fiber filter supported by a Teflon frit and
maintained at a temperature of 248 + 25°F. The impinger train will be consistent with RM 5.

The system vacuum will extract the effluent gas through the interconnected, leak-free components. The
entire system will be “leak checked” before and after each individual sample run to ensure sample
integrity following RM 5 procedures.

A “K-factor” (coefficient) will be determined prior to the initiation of each sample run. This coefficient will
be based upon preliminary measurements of gas temperature, flow rate, pressure, and moisture content.
Multiplying the K-factor by the measured differential pressure will determine the isokinetic sample rate for
each sample point. If a variable changes during a sample run, the coefficient will be adjusted to maintain
isokinetic sampling rates. At isokinetic conditions, the velocity of the stack gas entering the nozzle of the
extraction system will be equal to the effluent velocity at the sample point.

The quartz filter will be removed from the filter holder and placed in a Petri dish and sealed. The
impingers will be recovered following RM 5 procedures. The RM 5 sample recovery will be conducted in
accordance with all applicable USEPA quality assurance requirements.

4.3 Sulfur Dioxide Determination by Reference Method 6C

Sulfur dioxide emissions will be quantified at the Unit 412 exhaust stack according to USEPA RM 6C,
“Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrumental Analyzer Procedure).”
This method allows for the determination of SO, concentrations by continuously extracting stack effluent
and directing a portion of the sample to an SO, analyzer. An AMETEK Model 921M UV photometric SO,
monitor will be used to measure the concentration (parts per million [ppm] by volume) of the effluent at
the test location on a dry basis.

RM 6C provides rigorous analyzer calibration requirements, including three point calibrations using
USEPA Protocol 1 gas standards, and stringent instrument drift requirements. Calibrations will be
performed at 80 to 100 percent of the span value, 40 to 60 percent of the span value, and 0 percent of
the span value (ultra-pure nitrogen).

The SO, analyzer will be subjected to the zero and two up-scale calibration gases prior to and upon
completion of the test series. The gas standards will be certified and traceable to USEPA Protocol 1
specifications, which require that the gas concentration be within 1 percent of the documented value.
The response of the analyzer compared to each certified calibration standard must be within £2 percent
of the CS value for each component. To calibrate the instrument, the gas standards will be introduced to
the inlet of the SO, RM analyzer before and upon completion of each test series. The amount of bias of
the SO, RM system also will be determined before and after each sample run. This will be accomplished
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by delivering zero and one span gas directly to the point where the sample probe and heated sample
filter are connected. The response of the analyzer to the bias checks must be less than +5 percent of the
span value for each check.

The magnitude of calibration drift also will be calculated. Calibration drift is the difference in the initial
bias calibration response check and the final bias calibration response check for the same gas standard.
The calibration drift must be within +3 percent of the span for each sample run.

4.4 Nitrogen Oxides Determination by Reference Method 7E

USEPA RM 7E, “Determination of Nitrogen Oxides Emissions from Stationary Sources (Instrumental
Analyzer Procedure),” will be used to accomplish the Unit 412 NOyx measurements. This method allows
for the determination of NOy concentrations by continuously extracting effluent from the stack and
directing a portion of the sample to a NOy analyzer. A TEI Model 42C Chemiluminescent NOy analyzer
will be used to measure the concentration (ppm by volume) of the effluent at the stack on a dry basis.

USEPA RM 7E provides rigorous analyzer calibration requirements, including three point calibrations
using EPA Protocol 1 gas standards, and stringent instrument drift requirements. Calibrations will be
completed at 80 to 100 percent of the span value, 40 to 60 percent of the span value, and zero percent
of the span value (ultra-pure nitrogen).

The NOy analyzer will be subjected to a zero and two up-scale calibration gases prior to the performance
of the sample runs. The gas standards will be certified and traceable to USEPA Protocol 1 specifications,
which require that the gas concentration is within +1 percent of the documented value. The response of
the analyzer compared to each certified calibration standard must be within £2 percent of the CS for
each component.

To calibrate the instrument, the gas standards will be introduced directly to the NOx monitor at the
sample inlet located on the back of the instrument. The amount of bias of the NOx CEM system also will
be determined. This will be accomplished by introducing zero and one span gas to the NOy system at
the point in which the sample probe and heated sample filter are connected. The response of the
analyzer system to the zero and span gas (bias check) must be less than +5 percent of the CS for each
component. The bias calibration check will be performed prior to, and upon completion of, each sample
run.

The magnitude of calibration drift will also be calculated. Calibration drift is the difference in the initial (pre
test) bias calibration response and the final (post test) bias calibration response for the same gas
standard. The calibration drift must be within +3 percent of the CS each sample run for each gas
standard.

4.5 Carbon Monoxide Determination by Reference Method 10

The CO measurements will be conducted according to USEPA RM 10, “Determination of Carbon
Monoxide Emissions from Stationary Sources.” Sample gas will be continuously extracted from the test
location and directed to a TEI Model 48C, Gas Filter Correlation (GFC), NDIR CO instrument for
analysis. The GFC feature of the CO analyzer eliminates potential interference by substances, which
absorb infrared energy.

USEPA RM 10 provides rigorous analyzer calibration requirements, including three point calibrations
using EPA Protocol 1 gas standards, and stringent instrument drift requirements. Calibrations will be
completed at 80 to 100 percent of the span value, 40 to 60 percent of the span value, and zero percent
of the span value (ultra-pure nitrogen).
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The CO analyzer will be subjected to a zero and two up-scale calibration gases prior to the performance
of the sample runs. The gas standards will be certified and traceable to USEPA Protocol 1 specifications,
which require that the gas concentration is within +1 percent of the documented value. The response of
the analyzer compared to each certified calibration standard must be within £2 percent of the CS for
each component.

To calibrate the instrument, the gas standards will be introduced directly to the CO monitor at the sample
inlet located on the back of the instrument. The amount of bias of the CO CEM system also will be
determined. This will be accomplished by introducing zero and one span gas to the CO system at the
point in which the sample probe and heated sample filter are connected. The response of the analyzer
system to the zero and span gas (bias check) must be less than £5 percent of the CS for each
component. The bias calibration check will be performed prior to, and upon completion of, each sample
run.

The magnitude of calibration drift will also be calculated. Calibration drift is the difference in the initial
(pre-test) bias calibration response and the final (post test) bias calibration response for the same gas
standard. The calibration drift must be within £3 percent of the CS each sample run for each gas
standard.

4.6 Dioxins and Furans Determination by Reference Method 23

USEPA RM 23, “Determination of Polychlorinated Dibenzo-p-dioxin and Polychlorinated Dibenzofuran
Emissions from Municipal Waste Combustors,” will be followed to determine D/F concentrations and
emissions from the Unit 412 test location.

46.1 Sample Train Component Preparation

All glass parts of the sample train including the sorbent trap will be pre-cleaned prior to sampling
according to the following procedures.

e Soak in hot soapy water (Alconox) at 50°C or higher;
¢ Rinse three times with tap water;
e Rinse three times with deionized water;
¢ Rinse three times with pesticide grade acetone;
¢ Rinse three times with pesticide grade methanol/methylene chloride;
e Bake at 450°F for 2 hours; and
e Seal with clean Teflon tape.
The glassware will be sealed with Teflon tape followed by aluminum foil until sample train assembly.

Following sample recovery, the glassware will be reused at the same sampling location as allowed by
the method.

The XAD-2 resin traps will be pre-cleaned and prepared by Analytical Perspectives. Each sorbent trap
will be charged with 20 to 30 grams of the precleaned resin and the five surrogate compounds listed in
Table 2 of RM 23 will be added to the resin. Care will be taken to ensure that the resin is kept at
temperatures below 120°F during shipment and before and after sample collection to prevent resin
decomposition. The time between charging the trap and use in the field will be minimized and will not be
allowed to exceed 14 days. The sorbent traps will be shipped from Analytical Perspectives to AECOM's
Fort Collins facility under strict chain-of-custody (COC) documentation.
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46.2 Sample Collection

Samples for D/F will be withdrawn isokinetically from the source using an RM 23 sampling train as
depicted in Figure 4-1. The sampling train will consist of a Teflon coated stainless steel nozzle, a heated
Teflon lined probe, a pretreated glass fiber filter maintained at a temperature of 248°F + 25°F, a water-
cooled condenser, a sorbent trap containing XAD-2 resin, five chilled impingers, and a metering console.
The water-cooled condenser and sorbent trap will be arranged in a manner that allows the condensate to
drain vertically through the trap. Gas entering the trap will be maintained at or below 68°F. The first
impinger (optional knockout) will be empty, the second and third impingers each will contain 100 ml of
HPLC water, the fourth will be empty, and the fifth will contain pre-weighed silica gel. Sealing greases
will not used on any portion of the sample train.

stack wall
temperature

’ sensor

condenser
temperature

d v sensor
M < |

filter
A holder
pitot

Gas Flow {

mancmeter

heated glass liner

XAD-2 trap

temperature
sensor

recirculation

pump

empty 100 ml
calibrated HPLC Water

empty silica
gel

racuum
9 gauge

orifice
dry gas fine

meter
Y Vg
gas exit 4 T 1 __*__ P(—l X
\ coarse
mano | EJ ~ag}- vacuum pump
/

Figure 4-1  Reference Method 23 Sampling Train

4.6.3 Sample Recovery

Recovery of the samples and assembly of the sample trains for reuse will be conducted in a dust-free
environment. Each impinger and the XAD-2 trap will be weighed prior to and at the conclusion of each
sample run. The volume of water vapor condensed in the impingers, XAD resin and silica gel will be
summed and entered into moisture content calculations.
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All sample-exposed components of the sampling train will be rinsed with acetone and methylene chloride
(rinses recovered per RM 23), and finally acetone (toluene rinse discarded per RM 23). Sample
containers from a typical run include the following.

e Container 1 — Filter(s);

e Container 2 — Rinses of nozzle, probe, and front-half of filter holder and rinses of back-half of
filter holder and condenser;

e Container 3 — XAD cartridge and resin;
e Container 4 — Impinger contents; and

e Container 5 — Silica gel.

The samples, comprised of containers 1 through 3, will be shipped to Analytical Perspectives, Inc. under
strict COC documentation. Appropriate shipping containers will be used to keep the samples cool during

shipping.

46.4 Sample Analysis

The RM 23A samples will be analyzed by Analytical Perspectives, Inc. in strict accordance with
Analytical Perspective’s QA Program. The filter(s), XAD-2 resin, toluene and methylene chloride rinses
will be analyzed for tetra-octa (4-8) D/F according to USEPA RM 0023A with high-resolution gas
chromatography/high resolution mass spectrometry. All extracts from one run will be analyzed in
separate front half and back half sample fractions.

4.6.5 Data Reduction

The D/F results will be expressed in terms of toxicity equivalents (TEQ), as specified in 40 CFR
863.1342. The D/F congeners (tetra, hepta, hexa and octa) will be converted to TEQ using toxicity
equivalence factors (TEFs), as the summation of the TEFs of the congeners, multiplied by their relative
concentrations.

Any D/F congeners that are reported by Analytical Perspectives, Inc. as nondetected (below the method
detection limit ND) shall be counted as zero for purposed of calculating the total D/F TEQ concentration
for that sample, as specified in RM 0023A (87.4).

4.7 Hydrogen Chloride Determination by Reference Method 26A

USEPA RM 26A, “Determination of Hydrogen Halide and Halogen Emissions from Stationary Sources
Isokinetic Method,” will be followed for the determination of HCI emissions at the Unite 412 test location.
This method will be performed in conjunction with the particulate measurement procedures as allowed
by the methods. Included in the RM 26A sampling system will be a calibrated glass or Teflon coated
nozzle, stainless steel probe, glass or Teflon probe liner, insulated filter oven, glass filter holder and tared
guartz-fiber filter, condenser assembly, and calibrated extraction system. The system vacuum will extract
the effluent sample gas through the interconnected, leak-free components. The entire system will be
“leak checked” before and after each individual sample run to ensure sample integrity.

A “K-factor” (coefficient) will be determined prior to the initiation of each RM 26A sample run. This
coefficient will be based upon preliminary measurements of gas temperature, flow rate, pressure, and
moisture content. Multiplying the K-factor by the measured differential pressure at each sample point will
provide for isokinetic sample rates for each sample point. If a variable changes during a sample run, the
coefficient will be adjusted to maintain isokinetic sample rates. At isokinetic conditions, the velocity of the
stack gas entering the nozzle of the extraction system will be equal to the effluent velocity at the sample
point.
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The condenser assembly will consist of a series of five glass impingers with glass inserts interconnected
to each other by glass U-tubes, providing a “leak tight” seal with 28/15 ball and socket connections. The
first and second impingers will contain sulfuric acid (H,SO,). The third and fourth impingers will contain
sodium hydroxide (NaOH). The fifth impinger will be filled with a pre-weighed amount of silica gel to
capture any residual moisture from the sample stream. The impinger train will be set in an ice bath to
maintain the extracted gas outlet temperature at or below 70°F. By cooling the sample, all water vapor
and gases will be condensed and collected.

Three valid sample runs will be performed at the test location. Upon completion of each sample run, the
probe will be removed from the effluent and allowed to cool. A leak check of the sampling system will
then be performed to verify the integrity of the system. The leak rate must not exceed 0.02 actual cubic
feet per minute (acfm) in order for the test to be considered valid.

Each sample train will be carefully recovered. The H,SO, solution in the first two impingers will be
guantitatively recovered in a glass sample container. The impingers and connecting glassware will then
be rinsed with water and added to the same sample jar. The contents of the third and fourth impingers
will be placed in a glass sample jar. The silica gel from the fifth impinger will be weighed to determine the
moisture gain.

Portions of the H,SO, and NaOH absorbing reagents will be collected for blanks and diluted to the
approximate volume of the corresponding sample jars with rinse water from the same wash bottle used.
All liquid levels will be marked. The H,SO, and NaOH sample jars and reagent blanks will be sent to
TestAmerica located in West Sacramento, California for HCI and Cl, analysis by IC.

4.8 Metals Determination by Reference Method 29

USEPA RM 29, “Determination of Metals Emissions from Stationary Sources,” will be followed to
determine the metals (Cd, Pb, Hg) emission rates exhausted by Unit 412. Included in the RM 29
sampling system will be a calibrated glass or Teflon coated stainless steel nozzle, stainless steel probe,
glass or Teflon probe liner, insulated filter oven, glass filter holder and tared quartz-fiber filter, condenser
assembly, and calibrated extraction system. The system vacuum will be used to extract the effluent gas
through the interconnected, leak-free components. The entire system will be “leak checked” before and
after each individual sample run to ensure sample integrity.

A “K-factor” (coefficient) will be determined prior to the initiation of each mercury sample run. This
coefficient will be based upon preliminary measurements of gas temperature, flow rate, pressure, and
moisture content. Multiplying the K-factor by the measured differential pressure will determine the
isokinetic sample rate for each sample point. If a variable changes during a sample run, the coefficient
will be adjusted to maintain isokinetic sampling rates. At isokinetic conditions, the velocity of the stack
gas entering the nozzle of the extraction system will be equal to the effluent velocity at the sample point.

4.8.1 Sampling by Reference Method 29

By this method, mercury emissions will be withdrawn isokinetically from the selected sources, collected
on a heated filter (maintained at a controlled temperature of 248 + 25°F), and passed through a series of
chilled impingers containing solutions of nitric acid/hydrogen peroxide (HNOs/H,0,) and potassium
permanganate (KMnQ,) as shown in Figure 4-2.

The sample components will be recovered in separate front-half (probe wash and filter) and back-half
(impinger solutions) fractions. The front-half and back-half components will be rinsed with 0.1 normal (N)
nitric acid (HNO3) to capture all particulate and collected in their respective containers. The probe wash,
digested filter, and aliquots of impinger solutions will be analyzed for mercury by inductively coupled
plasma-mass spectroscopy (ICPMS) analysis or cold vapor atomic absorption (CVAA) analysis.
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Figure 4-2  Reference Method 29 Sampling Train

The condenser assembly will consist of a series of six glass impingers with glass inserts interconnected
to each other by glass U tubes, providing a “leak tight” seal with 28/15 ball and socket connections. The
first and second impingers will contain HNO/H,O,. The third impinger will be left empty. The fourth and
fifth impingers will contain KMnO,.The sixth impinger will be filled with a pre weighed amount of silica gel
to capture any residual moisture from the sample stream. The impinger train will be set in an ice bath to
maintain the extracted gas outlet temperature at or below 70°F. By cooling the sample, all water vapor
and gases will be condensed and collected. Table 4-1 describes the condensate (impinger) train

configuration for RM 29 testing including the KMnQ, impingers which are exclusive to mercury capture
and analysis.

Table 4-1 Reference Method 29 Condensate (Impinger) Train

Impinger No. Contents Configuration
1 100 ml HNO3/H,0, Straight
2 100 ml HNO3/H,0, Greenburg-Smith
3 Empty Straight
4 100 ml KMnQ, (Optional) Straight
5 100 ml KMnQ4 (Optional) Straight
6 200 - 300 g Silica Gel Straight
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Prior to sampling, the impingers and their contents will be weighed and the initial weights recorded. Upon
completion of sampling, the impingers will be removed from the ice bath and the moisture gain will be
determined gravimetrically by subtracting the final weight from the initial weight for each impinger.

Three valid sample runs will be performed for each of the processes being tested. Upon completion of
each sample run, the probe will be removed from the exhaust stack and allowed to cool. A leak check of
the sampling system will then be performed to verify the integrity of the system. The leak rate must not
exceed 0.02 acfm, in order for the test to be considered valid.

Each sample train will be carefully recovered. The filter will be removed from its sample holder with
Teflon-coated or non-metallic tweezers and placed in a labeled petri dish. The nozzle, probe, and
front-half of the filter holder will be first rinsed with 0.1N HNO; to collect any mercury that adhered to the
front-half components. The rinse will be quantitatively recovered in a glass sample container. The
contents of the first three impingers will be placed in a glass sample jar; the impingers and filter back-half
will then rinsed with 100 ml of 0.1N HNO; and added to the same sample jar. The contents of the fourth
and fifth impingers will be placed in a glass sample jar; these impingers will then rinsed with 100 ml of
KMnQO, and added to the same sample jar. The silica gel from the sixth impinger will be weighed to
determine moisture gain.

4.8.2 Analyses by Reference Method 29

Each recovered sample will be composed of four fractions: a filter, HNO; front-half wash, HNO/H,0,
impinger contents with rinse, and KMnO,4 impinger contents and rinse. The filter will be digested and
added to the probe wash for mercury analysis. Proportional aliquots of the probe rinse (front-half of the
sample train) and samples recovered from impingers 1 through 3 and rinses (back-half of the sample
train) will be combined and analyzed for mercury by cold vapor atomic adsorption (CVAA).

4.9 Calculations and Nomenclature

The following section presents the calculations for determining flow rate, molecular weight, and moisture
content. In addition, calculations for the determination of particulate concentration and particulate
emission rate are provided below. The nomenclature for each calculation also is defined.
Calculations
Stack Pressure (in Hg):
Pg

P=R+

13.6

Volume of Water Collected (scf):

Wi

Vye(si) = 0.04707x MG

Gas Meter Volume at Standard Conditions (dscf):

AH
Vm(std) :Vm XYd « std > 13.6
I:)std Tm(avg)
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Fractional Moisture Content (dimensionless):

V we(std)

Bws =
V we(std) + Vv m(std)

Moisture Content (%):
H,0% =B, x100
Molecular Weight (dry, Ib/Ib-mole):
M, =(0.44x%CO, +(0.32x%0,) +(0.28x (100-% CO, -%0,))
Molecular Weight (wet, Ib/lb-mole):
M, =M, x(1-B,,)+(18xB,)
Velocity (feet per second):

Ts

Vs=8549 XC, X JAp X, |———
Ps XMw

Flow Rate (actual cubic feet per minute):
Qa =V, x A x60

Flow Rate (dry standard cubic feet per minute):

Q, =Q, x(1-B,)x17.64x [%}
S
Percent Isokinetic (%):

0.09450 X T s XV msta)
PsXVs X An XO X (1-Bys )

% 1=

Particulate Concentration (Ib/dscf):

MG particulate
453.5924 XV s

C particulate —

Particulate Emission Rate (Ib/hr):

E p =C particulate x dscfm x 60
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Gaseous Pollutant Concentration (dry, ppm):

/ C

Gaseous Pollutant Emission Rate (Ib/hr):

£ :CganMW X Q. x60
% 385 x1,000,000

Emissions of D/F (hg TEQ/dscm):

n
Ciorr) TEF,
2.Com TER ng  (20.9-7)

Comr ==

Vistd)  1000pg (20.9-%0,)

Nomenclature

Charticulate
Comy
Comr
D/F

AP
Ep
H,0%
My

M

Cross-Sectional Area of the Nozzle (square feet)

Cross-Sectional Area of the Stack (square feet)

Water Vapor in Gas Stream (proportional by volume)

Average Gas Concentration Indicated by Analyzer, dry basis (ppm)
Confidence Coefficient (one tailed, 2.5% error)

Corrected Effluent Gas Concentration, dry basis (ppm)

Average of Initial and Final System Calibration Bias Check Responses for the Upscale
Calibration Gas (ppm)

Actual Concentration of Upscale Calibration Gas (ppm)

Average of Initial and Final System Calibration Bias Check Responses for the Zero Gas
(ppm)

Pitot Tube Coefficient, Dimensionless (0.84 for Type-S)

Particulate Concentration (Ib//dscf)

Concentration of D/F congener i in sample (pg/liter)

Total concentration of D/F congeners in sample (ng/liter)

Stack concentration of polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans (ng TEQ/dscm)

Average Velocity Head of Gas (in WC)

Particulate Emission Rate (Ib/hr)

Moisture Content of Gas Stream (%)

Molecular Weight of Stack Gas, dry basis (Ib/lb-mole)
Molecular Weight of Stack Gas, wet basis (Ib/Ib-mole)
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MG particulate
MW

ng

%CO,
%0,
%l

Vin(sta)
Vuc(std)
Yy
O]

Environment

Particulate mass gain (mg)

Molecular Weight of Pollutant (SO, = 64, NOx = 46, CO = 28)
nanograms (10 grams)

picograms (10™** grams)

Uncorrected Barometric Pressure (in Hg)
Static Pressure of Stack Gas (in WC)
Absolute Pressure of Stack Gas (in Hg)
Standard Absolute Pressure (29.92 in. Hg)
Percent Carbon Dioxide, Dry Basis
Percent Oxygen, Dry Basis

Isokinetic sample rate (%)

Actual Flow Rate (acfm)

Dry Standard Flow Rate (dscfm)

Reference Method (RM 6C, RM 7E or RM 10) Data Average (arithmetic mean)

Average DGM Absolute Temperature (°R)

Average Stack Gas Temperature (°R)

Average Gas Velocity (feet per minute)

Standard Absolute Temperature (528 °R)

Dry Gas Volume as Measured by the DGM (dcf)

Dry Gas Volume Corrected to Standard Conditions (dscf)

4-13

Volume of H,O Collected in Impingers and Silica Gel Corrected to Standard Conditions (ml)

DGM Calibration Factor

Sample Time (minutes)
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5.0 Quality Assurance/Quality Control

5.1 Objectives
The objectives of AECOM'’s QA/QC program are as follows:

e To continually monitor the precision and accuracy of the data being generated for all source
emission measurements.

e To implement measures designed to control the precision and accuracy of all data generated for
individual sources.

e To maintain permanent records of analytical QC data and equipment calibrations that include
traceability and certification.

e To identify, document, and maintain a COC log, which accounts for each method sample
collected during each measurement program.

5.2 Field Program

All primary, USEPA-approved testing procedures selected for this test program are referenced in the
40 CFR 60, Appendix A. No deviations from these procedures are expected to be necessary. All field
personnel responsible for this emission test program will strictly follow the procedures dictated by the
applicable test methods.

All field test personnel involved with this test program will be experienced and trained in field sampling
methods and procedures. Each field personnel will be assigned key responsibilities in phases of sample
collection, sample recovery, COC, and transportation of samples. Basic responsibilities for field
personnel include, but are not limited to:

Record keeping. Field Personnel will record all pertinent test parameters and relevant observations on
the appropriate field data forms.

Safety requirements. Field personnel will be familiar with all company safety regulations and will be
provided with all the necessary safety equipment.

Sample handling. Field personnel will be trained in the proper procedures for handling samples
including: use of sample containers, sample preservation, identification, storage of collected samples,
and COC.

Instrumentation. Specific field personnel will be trained in the proper operation, calibration, trouble
shooting, and maintenance of the instrumentation intended for this program. This includes the use of
pumps, control console(s), samplers, and instrumentation.

Quality control (QC). Field personnel will be trained in all aspects of QC that relate directly to the
specific reference method test procedures, sample handling, analyses, and reporting.

Mr. John Rosburg, of AECOM, will be the designated field manager and will be responsible for
coordinating testing activities with Pogo and ADEC. He will provide answers to questions concerning test
methodology, QC, and all other project aspects. The field manager also will be responsible for delegating
work assignments to the members of the test crew, making sure all QA/QC procedures are carried out,
and documenting all field activities in a bound log book.
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All field instrumentation will be maintained and calibrated according to all applicable USEPA guidelines.
Records of instrument maintenance and calibration are kept in historical files and continually updated.
Calibrations of all field instrumentation, at a minimum, meet or exceed the mandated procedures
stipulated in the Quality Assurance Handbook for Air Pollution Measurement Systems, Volume lIl. All
documentation of calibrations is maintained on file at all times. Calibration documentation for the
equipment used in this test program will be provided in the Appendices of the test report.

5.3 Sample Documentation

All field data collected for each selected reference method test procedure will be documented on field
data forms. Each form, specific to each particular sample run, will include information as to the source
tested, date and time of sample collection, analyst(s) performing the test, and all data necessary for test
validation. Each field data sheet will be completed by the responsible technician at the time of the test
and checked by the Field Manager for accuracy and completeness after each test series. Copies of all
raw field data sheets will be included in the appendices of the test report, with the originals maintained in
project files at AECOM’s Fort Collins office.

Sample containers utilized for the collection and storage of samples will be specific to each test
procedure. Filter substrates will be maintained in individually labeled polyethylene Petri dishes sufficient
in size to receive the samples unaltered and with the exposed surface protected from sample loss.

Collection of all blanks will be specific to each test performed. The field blanks will be collected at the test
location and subjected to the same ambient conditions as the samples. This type of blank will be
collected for each reagent used in each test series and analyzed in the same manner as the sample
itself.

Each recovered sample will be labeled with standard sample tags and uniquely identified. The tags will
provide information regarding the unit tested, sample location, date and time of collection, reagent(s)
used, and the test number. The sample container will be sealed, liquid level marked (if applicable), and
properly stored until it is transported to the laboratory.

Standard COC forms will be completed before any samples are transported to the laboratory. This
procedure is dictated by the USEPA and strictly adhered to by AECOM. Each sample will be tagged with
a COC tag, which requires the same information as the field sample label.

5.4 Analytical Quality Control

All analytical procedures used for this program are approved by the USEPA and referenced in

40 CFR 60 (where applicable). All particulate gravimetric analysis will be performed by AECOM at the
Fort Collins Air Resources Laboratory. AECOM’s QA/QC program meets or exceeds USEPA standards.
The D/F XAD-2 resin traps and filters will be prepared by Analytical Perspectives of Wilmington,

North Carolina who also will perform the sample analysis. The metals (Cd, Pb, Hg) and HCI analysis will
be performed by TestAmerica located in West Sacramento, California.

5.5 Data Reduction, Validation, and Reporting

AECOM has implemented specific measures to ensure that reliable data is generated as a result of the
sampling and analytical activities of every field program. The objective of this phase of AECOM’'s QA/QC
program is to follow the proper collection of representative and QA field and analytical data with
approved data reduction methods and equations.

All calculations are performed using QA spreadsheets incorporating standard accepted equations, as
required by the applicable pollutant specific sampling methodology. Data reduction will be performed by
qualified engineers or data analysts familiar with standard engineering practices and approved methods.
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Calculation methods and equations, including conversion factors and units, will be defined in this test
report to allow the reviewer to easily reproduce the final results from the raw field data and process
information provided in the appendices of the report. The final report will include all raw data, QA/QC
documentation, and process data collected during the test program. The initial draft of the test report,
including both narrative and calculations, will be subjected to review by the project manager and/or
Principal-in-Charge, prior to final publication.
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Appendix A

Field Data Forms
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RM 1 - Traverse Points For Velocity & Particulate Traverses

AZCOM

Client Stack Diameter (in)
Location Upstream Distance (in) Diameters
Source Downstream Distance (in) Diameters
Operator Port Depth (in)
Port Diameter (in)
Location of Traverse Points in Circular Stacks
Number of traverse points
(% of stack diameter from inside wall)
6 8 10 12 16 20 24 Distance (in) Distance with port (in)
1 4.4 3.2 26 2.1 16 13 11
2 14.5 105 8.2 6.7 4.9 29 3.2
3 29.6 19.4 14.6 118 8.5 6.7 55
4 704 323 226 17.7 125 9.7 79
5 85.4 67.7 342 25.0 16.9 12.9 105
6 95.6 80.6 66.8 35.6 220 16.5 122
7 89.5 774 64.4 28.3 204 16.1
8 96.8 85.4 75.0 375 25.0 19.4
3] 9 91.8 823 62.5 306 23.0
‘g 10| 974 88.2 717 38.8 27.2
2 11 933 78.0 612 323
= 12 97.9 83.1 69.4 39.8
-g 13 87.5 75.0 60.2
o 14 915 79.6 67.7
5 15 95.1 835 728
o 16 98.4 87.1 77.0
© 17 90.3 80.6
= 18 933 83.9
19 96.1 86.8
20| 98.7 88.6
21 92.1
22 94.5
23 96.8
24 99.9
Duct Disrlers: Lipsiresm bon Flow Disburbecos' [Disieroe A
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RM 3 AZCOM
MOLECULAR WEIGHT DETERMINATION

Client: Operator:

Plant Location: Ambient Temperature:

Test Location:

Sample Type (circle one): Bag Integrated Continuous Other
Has Orsat or Fyrite unit been successfully leak checked? YES/NO
% O, % CO,
Date Bag ID/Run Number

Actual Readings Average Actual Readings | Average




ANALYZER CALIBRATION

AZCOM

Client Cylinder #, Supplier, & Conc. Analyzer Model

Location Full Scale Serial #

Source ID Analyzer Model

Operator Full Scale Serial #

Date Analyzer Model

Initial Cal Time Full Scale Serial #

Final Cal Time Analyzer Model

Full Scale Serial #

Analyzer Model

Full Scale Serial #

Cylinder Analyzer Absolute Percent
Value Response | Difference Difference
(ppm/%) (ppm/%) (ppm/%0) | (% of span) | (Pass/Fail)

Analyzer Zero
Initial Analyzer Response Mid-Range
High-Range
Zero
Final Analyzer Response Mid-Range
High-Range
Analyzer Zero
Initial Analyzer Response Mid-Range
High-Range
Zero
Final Analyzer Response Mid-Range
High-Range
Analyzer Predicted ppm Zero
Initial Analyzer Response Mid-Range
Mid-Range
High-Range
Predicted ppm Zero
Final Analyzer Response Mid-Range
Mid-Range
High-Range
Analyzer Zero
Initial Analyzer Response Mid-Range
High-Range
Zero
Final Analyzer Response Mid-Range
High-Range
Analyzer Zero
Initial Analyzer Response Mid-Range
High-Range
Zero
Final Analyzer Response Mid-Range
High-Range

Cal Error % =abs(CEM-Cylinder)/Span Value X 100

Allowable Calibration Error % = 2.0




ANALYZER BIAS

Client:
Location:
Source ID:
Operator:

Date:

Analyzer:
Analyzer:
Analyzer:
Analyzer:
Analyzer:

Span Value:
Span Value:
Span Value:
Span Value:
Span Value:

AZCOM

Run
No.

Monitor
ID

Analyzer
Response

(ppm)

Initial Values

Final Values

Initial
Time
(military)

System
Response

Calibration
Bias

(ppm)

(%) (Pass/Fail)

Final
Time
(military)

System
Response

Calibration
Bias

(ppm)

(%) (Pass/Fail)

Calibration
Drift

(%) (Pass/Fail)

Run 1 Zero
Run 1 Span

Run 2 Zero
Run 2 Span

Run 3 Zero
Run 3 Span

Run 1 Zero
Run 1 Span

Run 2 Zero
Run 2 Span

Run 3 Zero
Run 3 Span

Run 1 Zero
Run 1 Span

Run 2 Zero
Run 2 Span

Run 3 Zero
Run 3 Span

Run 1 Zero
Run 1 Span

Run 2 Zero
Run 2 Span

Run 3 Zero
Run 3 Span

Run 1 Zero
Run 1 Span

Run 2 Zero
Run 2 Span

Run 3 Zero
Run 3 Span

System Cal Bias % = (System Cal Response - Analyzer Response) / Span X 10C
Calibration Drift = (Final System Response - Initial System Response) / Span X 10(

% Allowable = 5.0
% Allowable = 3.0




ISOKINETIC SAMPLE DATA FORM

AZCOM

Plant: Filter ID: Moisture
Location: Ambient Temp. (°F): Imp. Initial Final
Source I.D.: Baro. Press. (in. Hg): 1
Date: Static Press. (in H,0): 2
Flow Traverse Time: 0, (%): 3
Run No.: CO, (%): 4
Operators: Duct Dia. (in): 5
Meter Box I.D.: B, (assumed): Net Gain
Meter Y: Nozzle Dia. (in):
Meter Delta H@®: K Factor:
Probe 1.D./ Impinger outlet I.D.: Leak Check: Pitot: Impact Static
Probe Length/Type: Pre: acf in. Hg Vac. Pre: in. H,0/15 sec.
Pitot Coeff. (Cp): Post: acf in. Hg Vac. Post: in. H,0/15 sec.
. . Probe - Imp. Outlet
DGM Clock . Sample Time | DGM Reading AP AH Filter ~ Temp. o Vacuum
Time Port/Point I.D. (min) (DACF) (in. H,0) (in. Hy0) Stack Temp. (F) T;)n;;o. ) T;)r;p. DGM Temp. (°F) (in. Hg)
Total Time Vol. (DACF) Avg. VAP Avg. AH Avg. Average DGM Temp. Max. Vac.




Gravimetric Data Form A=COM
Client Location
Probe
Wash
Filter ID | Run Number| Date Time Tare (1) Date Time Tare(2) Date Time Final (1) Date Time Final(2) Vol. (ml)




Particulate Sample Gravimetric Data Form

AZCOM

Client: Sample Identification-Probe Wash: Yes/No
Location: Liquid Level Marked - Probe Wash: Yes/No
Sample Location: Sample Identification-Filter: Yes/No
Run Number: Petri Dish Sealed-Filter: Yes/No
Sample Probe Wash
Beaker I.D.: Blank Mass Concentration (Ca): mg/mg
Density of Rinse (d): mg/ml Sample Volume (Va): mi
Date & Time: Beaker Final Weight: g
Date & Time: Beaker Final Weight: g
Average Beaker Final Weight: g
Date & Time: Beaker Tare: g
Date & Time: Beaker Tare: g
Average Beaker Tare: g
Blank Residue Weight (Wa): mg
Mass of Residue (Ma): mg
Rinse Mass Gain = mg
Sample Filter
Filter 1.D.:
Date & Time: Filter Final Weight: g
Date & Time: Filter Final Weight: g
Average Filter Final Weight: g
Date & Time: Filter Tare: g
Date & Time: Filter Tare: g
Average Filter Tare: g
Filter Mass Gain: mg
Filter Mass Gain = mg
Remarks:

Signature of Analyst:

Signature of Reviewer:
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216. In Part 60, Appendix A is anmended by revising

Met hods 1, 1A, 2, 2A, 2B, 2C, 2D, 2E, 3, 3B, 4, 5, 5A 5B
5D, 5E, 5F, 5G 5H, 6, 6A 6B, 7, 7A, 7B, 7C, 7D, 8, 10A,
10B, 11, 12, 13A, 13B, 14, 15, 15A, 16, 16A, 16B, 17, 18,
19, 21, 22, 24, 24A, 25, 25A, 25B, 25C, 25D, 25E, 26, 26A,
27, 28, 28A, and 29 to read as foll ows:

METHOD 1 - SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling) essential to its perfornmance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 2.

1.0 Scope and Application.

1.1 Measured Paraneters. The purpose of the nethod
is to provide guidance for the selection of sanpling ports
and traverse points at which sanmpling for air pollutants
w Il be performed pursuant to regulations set forth in this
part. Two procedures are presented: a sinplified
procedure, and an alternative procedure (see Section 11.5).
The magni tude of cyclonic flow of effluent gas in a stack or
duct is the only paraneter quantitatively nmeasured in the

sinplified procedure.
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1.2 Applicability. This nmethod is applicable to gas
streans flowng in ducts, stacks, and flues. This nethod
cannot be used when: (1) the flowis cyclonic or swirling;
or (2) a stack is smaller than 0.30 neter (12 in.) in
di ameter, or 0.071 nt (113 in.? in cross-sectional area.
The sinplified procedure cannot be used when the measurenent
site is less than two stack or duct dianmeters downstream or
| ess than a half dianmeter upstreamfroma fl ow disturbance.

1.3 Data Quality Objectives. Adherence to the
requi renents of this nmethod will enhance the quality of the
data obtained fromair pollutant sanpling methods.

NOTE: The requirenents of this nmethod nust be
consi dered before construction of a new facility from which
em ssions are to be nmeasured; failure to do so may require
subsequent alterations to the stack or deviation fromthe
standard procedure. Cases involving variants are subject to
approval by the Adm nistrator.

2.0 Summary of Method.

2.1 This nethod is designed to aid in the
representative neasurenent of pollutant em ssions and/or
total volunetric flowrate froma stationary source. A
measurenent site where the effluent streamis flowng in a

known direction is selected, and the cross-section of the
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stack is divided into a nunber of equal areas. Traverse
points are then |ocated within each of these equal areas.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.

6.1 Apparatus. The apparatus described belowis
required only when utilizing the alternative site selection
procedure described in Section 11.5 of this nethod.

6.1.1 Directional Probe. Any directional probe, such
as United Sensor Type DA Three-D nensional Directiona
Probe, capabl e of neasuring both the pitch and yaw angl es of
gas flows is acceptable. Before using the probe, assign an
identification nunber to the directional probe, and
permanent|ly mark or engrave the nunber on the body of the
probe. The pressure holes of directional probes are

susceptible to plugging when used in particul ate-|aden gas
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streans. Therefore, a procedure for cleaning the pressure
hol es by "back-purging” with pressurized air is required.

6.1.2 Differential Pressure Gauges. Inclined
manonet ers, U-tube manoneters, or other differenti al
pressure gauges (e.g., magnehelic gauges) that neet the
specifications described in Method 2, Section 6. 2.

NOTE: |If the differential pressure gauge produces
bot h negative and positive readings, then both negative and
positive pressure readi ngs shall be calibrated at a m ni mum
of three points as specified in Method 2, Section 6. 2.

7.0 Reagents and Standards. [Reserved]

8.0 Sample Collection, Preservation, Storage, and
Transport. [Reserved]

9.0 Quality Control. [Reserved]

10.0 Calibration and Standardization. [ Reserved]
11.0 Procedure.

11.1 Sel ection of Measurenment Site.

11.1.1 Sanpling and/or velocity neasurenents are
performed at a site |ocated at |east eight stack or duct
di aneters downstream and two di aneters upstream from any
fl ow di sturbance such as a bend, expansion, or contraction
in the stack, or froma visible flame. |If necessary, an

alternative |ocation may be selected, at a position at |east
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two stack or duct dianeters downstream and a half di anmeter
upstream from any fl ow di st urbance.

11.1.2 An alternative procedure is avail able for
determ ning the acceptability of a neasurenent |ocation not
nmeeting the criteria above. This procedure described in
Section 11.5 allows for the determ nation of gas flow angl es
at the sanmpling points and conparison of the neasured
results wth acceptability criteria.

11.2 Determ ning the Nunber of Traverse Points.

11.2.1 Particul ate Traverses.

11.2.1.1 Wen the eight- and two-dianeter criterion
can be met, the m ni mum nunber of traverse points shall be:
(1) twelve, for circular or rectangular stacks with
di aneters (or equivalent dianmeters) greater than 0.61 neter
(24 in.); (2) eight, for circular stacks with dianeters
bet ween 0.30 and 0.61 neter (12 and 24 in.); and (3) nine,
for rectangul ar stacks with equival ent di aneters between
0.30 and 0.61 neter (12 and 24 in.).

11.2.1.2 Wen the eight- and two-dianeter criterion
cannot be net, the m ni num nunber of traverse points is
determined fromFigure 1-1. Before referring to the figure,
however, determ ne the distances fromthe neasurenent site
to the nearest upstream and downstream di sturbances, and

di vi de each di stance by the stack dianmeter or equival ent
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di aneter, to determ ne the distance in terns of the nunber
of duct dianmeters. Then, determne fromFigure 1-1 the
m ni mum nunber of traverse points that corresponds: (1) to
t he nunmber of duct dianmeters upstream and (2) to the nunber
of dianmeters downstream Select the higher of the two
m ni mum nunbers of traverse points, or a greater value, so
that for circular stacks the nunber is a nultiple of 4, and
for rectangul ar stacks, the nunber is one of those shown in
Table 1-1.

11.2.2 Velocity (Non-Particul ate) Traverses. \Wen
velocity or volunetric flowrate is to be determ ned (but
not particulate matter), the sane procedure as that used for
particul ate traverses (Section 11.2.1) is followed, except
that Figure 1-2 may be used instead of Figure 1-1.

11.3 Cross-Sectional Layout and Location of Traverse
Poi nt s.

11.3.1 Circular Stacks.

11.3.1.1 Locate the traverse points on two
per pendi cul ar di ameters according to Table 1-2 and the
exanpl e shown in Figure 1-3. Any equation (see exanples in
References 2 and 3 in Section 16.0) that gives the sane
values as those in Table 1-2 may be used in |lieu of Table 1-

2.
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11.3.1.2 For particulate traverses, one of the
di aneters nust coincide wth the plane containing the
greatest expected concentration variation (e.g., after
bends); one dianeter shall be congruent to the direction of
the bend. This requirenent becones less critical as the
di stance fromthe di sturbance increases; therefore, other
di aneter | ocations may be used, subject to the approval of
the Adm ni strator.

11.3.1.3 1In addition, for elliptical stacks having
unequal perpendicul ar dianeters, separate traverse points
shal | be cal cul ated and | ocated al ong each dianeter. To
determ ne the cross-sectional area of the elliptical stack,
use the foll ow ng equation:

Square Area = D, X D, X 0.7854
Where: D, = Stack dianeter 1
D, = Stack dianmeter 2

11.3.1.4 In addition, for stacks having dianeters
greater than 0.61 m (24 in.), no traverse points shall be
within 2.5 centinmeters (1.00 in.) of the stack walls; and
for stack dianeters equal to or less than 0.61 m (24 in.),
no traverse points shall be located within 1.3 cm (0.50 in.)
of the stack walls. To neet these criteria, observe the
procedures given bel ow.

11.3.2 Stacks Wth D aneters Geater Than 0.61 m
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(24 in.).

11.3.2.1 Wen any of the traverse points as |ocated
in Section 11.3.1 fall within 2.5 cm (1.0 in.) of the stack
wal |'s, relocate themaway fromthe stack walls to: (1) a
distance of 2.5 cm (1.0 in.); or (2) a distance equal to the
nozzl e inside dianmeter, whichever is larger. These
rel ocated traverse points (on each end of a dianeter) shal
be the "adjusted" traverse points.

11.3. 2.2 \Wenever two successive traverse points are
conbined to forma single adjusted traverse point, treat the
adj usted point as two separate traverse points, both in the
sanpling and/or velocity neasurenent procedure, and in
recordi ng of the data.

11.3.3 Stacks Wth D anmeters Equal To or Less Than
0.61 m(24 in.). Follow the procedure in Section 11.3.1.1,
noting only that any "adjusted" points should be rel ocated
away fromthe stack walls to: (1) a distance of 1.3 cm
(0.50 in.); or (2) a distance equal to the nozzle inside
di aneter, whichever is |arger.

11. 3.4 Rectangul ar Stacks.

11.3.4.1 Determ ne the nunber of traverse points as
explained in Sections 11.1 and 11.2 of this nmethod. From
Table 1-1, determne the grid configuration. Divide the

stack cross-section into as many equal rectangul ar el enental
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areas as traverse points, and then | ocate a traverse point
at the centroid of each equal area according to the exanple
in Figure 1-4.

11.3.4.2 To use nore than the m ni nrum nunber of
traverse points, expand the "m ni mum nunber of traverse
points" matrix (see Table 1-1) by adding the extra traverse
poi nts along one or the other or both |legs of the matri x;
the final matrix need not be bal anced. For exanple, if a 4
X 3 "mni mum nunber of points” matrix were expanded to 36
points, the final matrix could be 9 x 4 or 12 x 3, and would
not necessarily have to be 6 x 6. After constructing the
final matrix, divide the stack cross-section into as nmany
equal rectangul ar, elenental areas as traverse points, and
| ocate a traverse point at the centroid of each equal area.

11.3. 4.3 The situation of traverse points being too
close to the stack walls is not expected to arise with
rectangul ar stacks. |If this problem should ever arise, the
Adm ni strator nmust be contacted for resolution of the
matter.

11.4 Verification of Absence of Cyclonic Flow.

11.4.1 In nost stationary sources, the direction of
stack gas flowis essentially parallel to the stack walls.
However, cyclonic flow may exist (1) after such devices as

cyclones and inertial demsters follow ng venturi scrubbers,
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or (2) in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these
i nstances, the presence or absence of cyclonic flow at the
sanpling location nust be determ ned. The follow ng
techni ques are acceptable for this determ nation.

11.4.2 Level and zero the nanoneter. Connect a Type
S pitot tube to the manoneter and | eak-check system
Position the Type S pitot tube at each traverse point, in
succession, so that the planes of the face openings of the
pitot tube are perpendicular to the stack cross-sectional
pl ane; when the Type S pitot tube is in this position, it is
at "0° reference.”" Note the differential pressure ()p)
readi ng at each traverse point. If a null (zero) pitot
reading is obtained at 0° reference at a given traverse
poi nt, an acceptable flow condition exists at that point.
If the pitot reading is not zero at 0° reference, rotate the
pitot tube (up to £90° yaw angle), until a null reading is
obtained. Carefully determ ne and record the value of the
rotation angle (') to the nearest degree. After the null
t echni que has been applied at each traverse point, calculate

t he average of the absolute values of '; assign

val ues of
0° to those points for which no rotation was required, and
include these in the overall average. |If the average val ue

of is greater than 20°, the overall flow condition in the



191
stack is unacceptable, and alternative nethodol ogy, subject
to the approval of the Adm nistrator, nust be used to
perform accurate sanple and vel ocity traverses.

11.5 The alternative site selection procedure may be
used to determne the rotation angles in lieu of the
procedure outlined in Section 11.4.

11.5.1 Alternative Measurenent Site Sel ection
Procedure. This alternative applies to sources where
measur enent | ocations are | ess than 2 equival ent or duct
di aneters downstream or | ess than one-half duct dianeter
upstream froma fl ow di sturbance. The alternative should be
l[imted to ducts larger than 24 in. in dianeter where
bl ockage and wall effects are mninmal. A directional flow
sensing probe is used to neasure pitch and yaw angl es of the
gas flow at 40 or nore traverse points; the resultant angle
is calculated and conpared with acceptable criteria for nean
and standard devi ati on.

NOTE: Both the pitch and yaw angl es are neasured from
a line passing through the traverse point and parallel to
the stack axis. The pitch angle is the angle of the gas
fl ow conponent in the plane that | NCLUDES the traverse |line
and is parallel to the stack axis. The yaw angle is the
angl e of the gas flow conponent in the plane PERPENDI CULAR

to the traverse line at the traverse point and is neasured
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fromthe |ine passing through the traverse point and
parallel to the stack axis.

11.5.2 Traverse Points. Use a mninmmof 40 traverse
points for circular ducts and 42 points for rectangul ar
ducts for the gas flow angle determ nations. Follow
the procedure outlined in Section 11.3 and Table 1-1 or 1-2
for the location and | ayout of the traverse points. |If the
measurenent |location is determined to be acceptable
according to the criteria in this alternative procedure, use
the sane traverse point nunber and | ocations for sanpling
and vel ocity neasurenents.

11.5.3 Measurenent Procedure.

11.5.3.1 Prepare the directional probe and
differential pressure gauges as recommended by the
manuf acturer. Capillary tubing or surge tanks may be used
to danpen pressure fluctuations. It is reconmmended, but not
required, that a pretest |eak check be conducted. To
performa | eak check, pressurize or use suction on the
i npact opening until a reading of at least 7.6 cm (3 in.)
H,O registers on the differential pressure gauge, then plug
the i npact opening. The pressure of a |leak-free systemw |
remain stable for at |east 15 seconds.

11.5.3.2 Level and zero the manoneters. Since the

manonet er | evel and zero may drift because of vibrations and
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t enperat ure changes, periodically check the | evel and zero
during the traverse.

11.5.3.3 Position the probe at the appropriate
| ocations in the gas stream and rotate until zero
deflection is indicated for the yaw angl e pressure gauge.
Determ ne and record the yaw angle. Record the pressure
gauge readings for the pitch angle, and determ ne the pitch
angle fromthe calibration curve. Repeat this procedure for
each traverse point. Conplete a "back-purge" of the
pressure lines and the inpact openings prior to nmeasurenents
of each traverse point.

11.5.3.4 A post-test check as described in Section
11.5.3.1 is required. If the criteria for a |leak-free
systemare not net, repair the equi pnent, and repeat the
fl ow angl e neasurenents.

11.5.4 Calibration. Use a flow system as descri bed
in Sections 10.1.2.1 and 10.1.2.2 of Method 2. |In addition,
the fl ow system shall have the capacity to generate two
test-section velocities: one between 365 and 730 mi m n
(1,200 and 2,400 ft/mn) and one between 730 and 1,100 nmmn
(2,400 and 3,600 ft/mn).

11.5.4.1 Cut two entry ports in the test section.

The axes through the entry ports shall be perpendicular to

each other and intersect in the centroid of the test
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section. The ports should be elongated slots parallel to
the axis of the test section and of sufficient length to
al | ow nmeasurenent of pitch angles while maintaining the
pitot head position at the test-section centroid. To
facilitate alignment of the directional probe during
calibration, the test section should be constructed of
pl exi gl ass or sone other transparent nmaterial. Al
cal i bration neasurenents should be made at the sanme point in
the test section, preferably at the centroid of the test
section.

11.5.4.2 To ensure that the gas flowis parallel to
the central axis of the test section, follow the procedure
outlined in Section 11.4 for cyclonic flow determ nation to
measure the gas flow angles at the centroid of the test
section fromtwo test ports |located 90° apart. The gas fl ow
angl e neasured in each port nust be £ 2° of 0°.
Strai ghtening vanes should be installed, if necessary, to
meet this criterion.

11.5.4.3 Pitch Angle Calibration. Performa
calibration traverse according to the manufacturer's
recommended protocol in 5° increnments for angles from-60°
to +60° at one velocity in each of the two ranges specified
above. Average the pressure ratio val ues obtained for each

angle in the two flow ranges, and plot a calibration curve
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with the average values of the pressure ratio (or other
sui tabl e neasurenent factor as recomended by the
manuf acturer) versus the pitch angle. Draw a snooth |ine
t hrough the data points. Plot also the data values for each
traverse point. Determne the differences between the
measured data val ues and the angle fromthe calibration
curve at the sanme pressure ratio. The difference at each
conparison nmust be within 2° for angles between 0° and 40°
and within 3° for angl es between 40° and 60°.

11.5.4.4 Yaw Angle Calibration. Mark the three-
di mensi onal probe to allow the determ nation of the yaw
position of the probe. This is usually a |ine extending the
| ength of the probe and aligned with the inpact opening. To
determ ne the accuracy of neasurenents of the yaw angl e,
only the zero or null position need be calibrated as
follows: Place the directional probe in the test section,
and rotate the probe until the zero position is found. Wth
a protractor or other angle neasuring device, neasure the
angl e indicated by the yaw angle indicator on the three-
di rensi onal probe. This should be wwthin 2° of 0°. Repeat
this neasurenment for any other points along the |ength of
the pitot where yaw angl e neasurenents could be read in
order to account for variations in the pitot markings used

to indicate pitot head positions.
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12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

L = | ength

n = total nunber of traverse points.

P, = pitch angle at traverse point i, degree.

Ruvg = average resultant angle, degree.

R = resul tant angle at traverse point i, degree.
Sy = st andard devi ati on, degree.

w = wi dt h.

Y, = yaw angle at traverse point i, degree.

12.2 For a rectangul ar cross section, an equival ent
di aneter (D)) shall be cal culated using the follow ng
equation, to determ ne the upstream and downstream
di st ances:

_2(@L) W)
L +W

Eq. 1-1
12.3 If use of the alternative site selection
procedure (Section 11.5 of this nethod) is required, perform
the follow ng cal cul ati ons using the equations bel ow the
resul tant angle at each traverse point, the average
resultant angle, and the standard deviation. Conplete the
calculations retaining at | east one extra significant figure

beyond that of the acquired data. Round the values after

the final cal cul ati ons.
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12.3.1 Calculate the resultant angle at each traverse
poi nt :
R = arc cosine [(cosine Y;)(cosine P)] Eq. 1-2
12.3.2 Calculate the average resultant for the
nmeasur enent s:
Rw = X R/n Eq. 1-3

12. 3.3 Calculate the standard devi ati ons:

n
2
221 (Rj- Ra\/g) Eq. 1-4

(n-1)

d-

12.3.4 Acceptability Criteria. The measurenent
| ocation is acceptable if R,, < 20° and S§; < 10°.
13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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TABLE 1-1. CROSS- SECTI ON LAYQUT FOR

RECTANGULAR STACKS

Nunber of tranverse points

| ayout

Matri x

12 .
16 .
20 .
25 .
30 .
36 .
42 .

49 .

o o o g »~ b~ W

o o o g A~ b~ W W

\‘




203

9 o
© E
AN
) - < ® |E
| ° 1 3
| — £ a
o
ol o d g —w
o |‘=":_’I a 'l é n
] :
B |, LN
© - —o

16

1.0
I

Duct Diamsters Upstream from Flow Disturbance* (Distance A)
I
|
5
Duct Disrmeters Downstream from Flow Disturbance® (Distance B)

* From Poirt of Ary Type of
Disturbence (Berd, Bpansion, Contraction, etc:)
|
4

I
3

@ Ligher Nurrber s for
Rectanguer Stacks or Dudts

= | | Ll —

05

10

¢ wms&mwdwﬁmww

Figure 1-2. Minimum number of traverse
points for velocity (nonparticulate)
traverses.



204
TABLE 1-2

LOCATI ON OF TRAVERSE PO NTS I N Cl RCULAR STACKS
(Percent of stack diameter frominside wall

to traverse point)

Traverse Nunmber of traverse points on a dianeter
Poi nt

Nunmber on 2 4 6 8 10 12 14 16 18 20 22 24
a Di aneter

1. 14. 6 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1
2 . 85.4 25.0 14. 6 10. 5 8.2 6.7 57 4.9 4.4 3.9 3.5 3.2
3. 75.0 29.6 19. 4 14. 6 11.8 9.9 8.5 7.5 6.7 6.0 5.5
4 . 93.3 70. 4 32.3 22.6 17.7 14. 6 12.5 10. 9 9.7 8.7 7.9
5 . 85.4 67.7 34. 2 25.0 20.1 16. 9 14. 6 12.9 11. 6 10. 5
6 . 95. 6 80. 6 65. 8 35.6 26.9 22.0 18. 8 16. 5 14. 6 13.2
7 . 89.5 77. 4 64. 4 36. 6 28.3 23.6 20.4 18.0 16. 1
8 . 96. 8 85.4 75.0 63. 4 37.5 29.6 25.0 21.8 19. 4
9 . 91.8 82.3 73.1 62.5 38. 2 30. 6 26. 2 23.0
10 97. 4 88. 2 79.9 71.7 61.8 38.8 31.5 27.2
11 93.3 85.4 78.0 70. 4 61.2 39.3 32.3
12 97.9 90.1 83.1 76. 4 69. 4 60. 7 39.8
13 94. 3 87.5 81.2 75.0 68. 5 60. 2
14 98. 2 91.5 85.4 79.6 73.8 67.7
15 95.1 89.1 83.5 78.2 72.8
16 98. 4 92.5 87.1 82.0 77.0
17 95. 6 90. 3 85.4 80. 6
18 98. 6 93.3 88. 4 83.9
19 96. 1 91.3 86. 8
20 98.7 94.0 89.5
21 96. 5 92.1
22 98. 9 94.5
23 96. 8
24 99.9




205

Traverse Distance
Point % of diameter

44
147
295
705
853
956

cnrwNE

Figure 1-3. Example showing circular stack cross
section divided into 12 equal areas, with location of
traverse points.

O

;;

;;
_______;;_______

Figure 1-4. Example showing rectangular stack cross section divided into 12
equal areas, with traverse points at centroid of each area.
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METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND
VOLUMETRIC FLOW RATE (TYPE S PITOT TUBE)

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 1
1.0 Scope and Application.

1.1 This nmethod is applicable for the determ nation
of the average velocity and the volunetric flow rate of a
gas stream

1.2 This nmethod is not applicable at nmeasurenent
sites that fail to neet the criteria of Method 1, Section
11.1. Al'so, the nmethod cannot be used for direct
measurenent in cyclonic or swrling gas streans; Section
11.4 of Method 1 shows how to determ ne cyclonic or swirling
flow conditions. Wen unacceptable conditions exist,
alternative procedures, subject to the approval of the
Adm ni strator, nust be enployed to produce accurate fl ow
rate determ nations. Exanples of such alternative
procedures are: (1) to install straightening vanes; (2) to

calculate the total volunetric flow rate stoichionetrically,
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or (3) to nove to another neasurenent site at which the flow
i's acceptabl e.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 The average gas velocity in a stack is determ ned
fromthe gas density and from neasurenent of the average
velocity head with a Type S (Stausschei be or reverse type)
pitot tube.

3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.
Specifications for the apparatus are given below. Any

ot her apparatus that has been denonstrated (subject to
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approval of the Adm nistrator) to be capable of neeting the
specifications will be considered acceptabl e.

6.1 Type S Pitot Tube.

6.1.1 Pitot tube nade of netal tubing (e.g-,
stainless steel) as shown in Figure 2-1. It is recomended
that the external tubing dianeter (dinension D, Figure 2-
2b) be between 0.48 and 0.95 cm (3/16 and 3/8 inch). There
shall be an equal distance fromthe base of each leg of the
pitot tube to its face-opening plane (dinensions P, and Pg,
Figure 2-2b); it is recommended that this distance be
between 1.05 and 1.50 tinmes the external tubing dianeter.
The face openings of the pitot tube shall, preferably, be
aligned as shown in Figure 2-2; however, slight
m sal i gnments of the openings are perm ssible (see Figure 2-
3).

6.1.2 The Type S pitot tube shall have a known
coefficient, determined as outlined in Section 10.0. An
identification nunber shall be assigned to the pitot tube;
this nunber shall be permanently marked or engraved on the
body of the tube. A standard pitot tube may be used instead
of a Type S, provided that it neets the specifications of
Sections 6.7 and 10.2. Note, however, that the static and
i npact pressure holes of standard pitot tubes are

susceptible to plugging in particul ate-1aden gas streans.
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Therefore, whenever a standard pitot tube is used to perform
a traverse, adequate proof nust be furnished that the
openi ngs of the pitot tube have not plugged up during the
traverse period. This can be acconplished by conparing the
vel ocity head ()p) neasurenent recorded at a sel ected
traverse point (readable )p value) with a second )p
measur enent recorded after "back purging” with pressurized
air to clean the inpact and static holes of the standard
pitot tube. |If the before and after )p neasurenents are
within 5 percent, then the traverse data are acceptable.
O herwi se, the data should be rejected and the traverse
measurenents redone. Note that the selected traverse point
shoul d be one that denonstrates a readable )p value. |If
"back purging" at regular intervals is part of a routine
procedure, then conparative )p neasurenents shall be
conducted as above for the last two traverse points that
exhi bit suitable )p neasurenents.

6.2 Differential Pressure Gauge. An inclined
manonet er or equi val ent device. Most sanpling trains are
equi pped with a 10 in. (water columm) inclined-vertical
manoneter, having 0.01 in. HOdivisions on the O to 1 in
inclined scale, and 0.1 in. HO divisions on the 1 to 10 in.
vertical scale. This type of nmanoneter (or other gauge of
equi val ent sensitivity) is satisfactory for the nmeasurenent

of )p values as lowas 1.27 nm (0.05 in.) HO. However, a
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differential pressure gauge of greater sensitivity shall be
used (subject to the approval of the Admnistrator), if any
of the followwng is found to be true: (1) the arithnetic
average of all )p readings at the traverse points in the
stack is less than 1.27 nmm (0.05 in.) HO; (2) for traverses
of 12 or nore points, nore than 10 percent of the individual
)p readings are below 1.27 mm (0.05 in.) HO0; or (3) for
traverses of fewer than 12 points, nore than one )p reading
is below 1.27 mm (0.05 in.) HO. Reference 18 (see Section
17.0) describes commercially avail able instrunentation for
t he measurenent of | owrange gas velocities.

6.2.1 As an alternative to criteria (1) through (3)
above, Equation 2-1 (Section 12.2) may be used to determ ne
the necessity of using a nore sensitive differential
pressure gauge. |If T is greater than 1.05, the velocity
head data are unacceptable and a nore sensitive differential
pressure gauge nust be used.

NOTE: |If differential pressure gauges other than
i nclined manoneters are used (e.g., nmagnehelic gauges),
their calibration nust be checked after each test series.

To check the calibration of a differential pressure gauge,
conpare )p readings of the gauge with those of a gauge-oi
manoneter at a mnimum of three points, approxi mtely

representing the range of )p values in the stack. If, at
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each point, the values of )p as read by the differenti al
pressure gauge and gauge-oil manoneter agree to within 5
percent, the differential pressure gauge shall be considered
to be in proper calibration. Oherwi se, the test series
shal | either be voided, or procedures to adjust the neasured
)p values and final results shall be used, subject to the
approval of the Adm nistrator.

6.3 Tenperature Sensor. A thernocouple, |iquid-
filled bulb thernmonmeter, binmetallic thernonmeter, mercury-in-
gl ass thernoneter, or other gauge capabl e of neasuring
tenperatures to within 1.5 percent of the m ni num absol ute
stack tenperature. The tenperature sensor shall be attached
to the pitot tube such that the sensor tip does not touch
any netal; the gauge shall be in an interference-free
arrangenment with respect to the pitot tube face openings
(see Figure 2-1 and Figure 2-4). Alternative positions my
be used if the pitot tube-tenperature gauge systemis
cal i brated according to the procedure of Section 10.0.
Provided that a difference of not nore than 1 percent in the
average velocity neasurenent is introduced, the tenperature
gauge need not be attached to the pitot tube. This
alternative is subject to the approval of the Adm nistrator.

6.4 Pressure Probe and Gauge. A piezoneter tube and
mercury- or water-filled U tube manoneter capabl e of

measuring stack pressure to wwthin 2.5 m (0.1 in.) Hg. The
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static tap of a standard type pitot tube or one leg of a
Type S pitot tube with the face opening planes positioned
parallel to the gas flow nay al so be used as the pressure
pr obe.

6.5 Baroneter. A nercury, aneroid, or other
baronet er capabl e of nmeasuring atnospheric pressure to
within 2.54 m (0.1 in.) Hg.

NOTE: The baronetric pressure reading nmay be obtai ned
froma nearby National Wather Service station. In this
case, the station value (which is the absol ute baronetric
pressure) shall be requested and an adjustnent for el evation
di fferences between the weat her station and sanpling point
shall be made at a rate of mnus 2.5 mMm (0.1 in.) Hg per 30
m (100 ft) elevation increase or plus 2.5 nm (0.1 in.) Hg
per 30 m (100 ft.) for elevation decrease.

6.6 Gas Density Determ nation Equi pnent. Method 3
equi pnent, if needed (see Section 8.6), to determ ne the
stack gas dry nol ecul ar weight, and Method 4 (reference
met hod) or Method 5 equi pnent for noisture content
determ nation. Oher nethods may be used subject to
approval of the Adm nistrator.

6.7 Calibration Pitot Tube. \When calibration of the
Type S pitot tube is necessary (see Section 10.1), a

standard pitot tube shall be used for a reference. The
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standard pitot tube shall, preferably, have a known
coefficient, obtained either (1) directly fromthe National
Institute of Standards and Technol ogy (NI ST), Gaithersburg
MD 20899, (301) 975-2002, or (2) by calibration against
anot her standard pitot tube with an NI ST-traceabl e
coefficient. Alternatively, a standard pitot tube designed
according to the criteria given in Sections 6.7.1 through
6.7.5 below and illustrated in Figure 2-5 (see al so
Ref erences 7, 8, and 17 in Section 17.0) may be used. Pitot
t ubes desi gned according to these specifications wll have
basel i ne coefficients of 0.99 + 0.01.

6.7.1 Standard Pitot Design.

6.7.1.1 Hem spherical (shown in Figure 2-5),
el lipsoidal, or conical tip.

6.7.1.2 A mnimumof six dianmeters straight run
(based upon D, the external dianeter of the tube) between
the tip and the static pressure hol es.

6.7.1.3 A mninmmof eight dianeters straight run
bet ween the static pressure holes and the centerline of the
external tube, follow ng the 90° bend.

6.7.1.4 Static pressure holes of equal size
(approximately 0.1 D), equally spaced in a piezoneter ring
configuration.

6.7.1.5 90° bend, with curved or mtered junction.
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6.8 Differential Pressure Gauge for Type S Pitot Tube
Calibration. An inclined manoneter or equivalent. |If the
single-velocity calibration technique is enployed (see
Section 10.1.2.3), the calibration differential pressure
gauge shall be readable to the nearest 0.127 nm (0.005 in.)
H,0. For nultivelocity calibrations, the gauge shall be
readabl e to the nearest 0.127 mm (0.005 in.) HO for )p
val ues between 1.27 and 25.4 mm (0.05 and 1.00 in.) HO, and
to the nearest 1.27 nm (0.05 in.) HO for )p val ues above
25.4 mm (1.00 in.) HO. A special, nore sensitive gauge
Wil be required to read )p val ues below 1.27 mm (0.05 in.)
H,0 (see Reference 18 in Section 16.0).

7.0 Reagents and Standards. [Reserved]
8.0 Sample Collection and Analysis.

8.1 Set up the apparatus as shown in Figure 2-1.
Capillary tubing or surge tanks installed between the
manonet er and pitot tube may be used to danpen )p
fluctuations. It is recommended, but not required, that a
pretest |eak-check be conducted as follows: (1) blow
through the pitot inpact opening until at least 7.6 cm (3.0
in.) HO velocity head registers on the nmanoneter; then,
cl ose off the inpact opening. The pressure shall remain
stable for at |east 15 seconds; (2) do the sanme for the

static pressure side, except using suction to obtain the



223

mnimmof 7.6 cm (3.0 in.) HO0. Oher |eak-check
procedures, subject to the approval of the Adm nistrator,
may be used.

8.2 Level and zero the manoneter. Because the
manoneter |evel and zero may drift due to vibrations and
t enper at ure changes, make periodi c checks during the
traverse (at | east once per hour). Record all necessary
data on a formsimlar to that shown in Figure 2-6

8.3 Measure the velocity head and tenperature at the
traverse points specified by Method 1. Ensure that the
proper differential pressure gauge is being used for the
range of )p values encountered (see Section 6.2). If it is
necessary to change to a nore sensitive gauge, do so, and
remeasure the )p and tenperature readi ngs at each traverse
point. Conduct a post-test |eak-check (nmandatory), as
described in Section 8.1 above, to validate the traverse
run.

8.4 Measure the static pressure in the stack. One
reading is usually adequate.

8.5 Determ ne the atnospheric pressure.

8.6 Determne the stack gas dry nol ecul ar wei ght.
For conbustion processes or processes that emt essentially
CO, O, CO and N,, use Method 3. For processes emtting
essentially air, an analysis need not be conducted; use a

dry nol ecul ar weight of 29.0. For other processes, other
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met hods, subject to the approval of the Adm nistrator, nust
be used.

8.7 (Obtain the noisture content from Met hod 4
(reference nethod, or equivalent) or from Method 5.

8.8 Determne the cross-sectional area of the stack
or duct at the sanpling |location. Wenever possible,
physi cal ly nmeasure the stack di nensions rather than using
bl ueprints. Do not assunme that stack dianmeters are equal.
Measure each dianeter distance to verify its dinensions.

9.0 Quality Control.

Section Quality Control Measure Effect

10.1-10.4 Sanpling equi prent Ensure accurate
cal i bration measur enent of stack
gas flow rate, sanple
vol ume

10.0 Calibration and Standardization.

10.1 Type S Pitot Tube. Before its initial use,
carefully exam ne the Type S pitot tube top, side, and end
views to verify that the face openings of the tube are
aligned within the specifications illustrated in Figures 2-2
and 2-3. The pitot tube shall not be used if it fails to
nmeet these alignnent specifications. After verifying the
face opening alignnment, neasure and record the foll ow ng
di mrensions of the pitot tube: (a) the external tubing
di aneter (dinension D, Figure 2-2b); and (b) the base-to-

openi ng pl ane di stances (dinensions P, and Pg, Figure 2-2b).
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If D is between 0.48 and 0.95 cm (3/16 and 3/8 in.), and if
P, and P; are equal and between 1.05 and 1.50 D, there are
two possible options: (1) the pitot tube may be calibrated
according to the procedure outlined in Sections 10.1.2
through 10.1.5, or (2) a baseline (isolated tube)
coefficient value of 0.84 may be assigned to the pitot tube.
Not e, however, that if the pitot tube is part of an
assenbly, calibration may still be required, despite
know edge of the baseline coefficient value (see Section
10.1.1). If D, P, and Pg are outside the specified limts,
the pitot tube nust be calibrated as outlined in Sections
10.1. 2 through 10.1.5.

10.1.1 Type S Pitot Tube Assenblies. During sanple
and velocity traverses, the isolated Type S pitot tube is
not always used; in many instances, the pitot tube is used
in conbination with other source-sanpling conponents (e.g-.,
t hermocoupl e, sanpling probe, nozzle) as part of an
"assenbly." The presence of other sanpling conponents can
sonetinmes affect the baseline value of the Type S pitot tube
coefficient (Reference 9 in Section 17.0); therefore, an
assi gned (or otherw se known) baseline coefficient val ue may
or may not be valid for a given assenbly. The basel i ne and
assenbly coefficient values will be identical only when the

relative placenent of the conponents in the assenbly is such
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that aerodynamc interference effects are elim nated.
Figures 2-4, 2-7, and 2-8 illustrate interference-free
conponent arrangenents for Type S pitot tubes having
external tubing dianeters between 0.48 and 0.95 cm (3/16 and
3/8 in.). Type S pitot tube assenblies that fail to neet
any or all of the specifications of Figures 2-4, 2-7, and 2-
8 shall be calibrated according to the procedure outlined in
Sections 10.1.2 through 10.1.5, and prior to calibration,
t he val ues of the interconponent spacings (pitot-nozzle,
pitot-thernmocouple, pitot-probe sheath) shall be neasured
and recorded.

NOTE: Do not use a Type S pitot tube assenbly that is
constructed such that the inpact pressure opening plane of
the pitot tube is below the entry plane of the nozzle (see
Fi gure 2-6B).

10.1.2 Calibration Setup. |If the Type S pitot tube
is to be calibrated, one | eg of the tube shall be
permanently marked A, and the other, B. Calibration shal
be perforned in a flow system having the foll ow ng essenti al
desi gn features:

10.1.2.1 The flow ng gas stream nust be confined to a
duct of definite cross-sectional area, either circular or
rectangular. For circular cross sections, the m nimum duct

di aneter shall be 30.48 cm (12 in.); for rectangul ar cross
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sections, the width (shorter side) shall be at |east 25.4 cm
(10 in.).

10.1.2.2 The cross-sectional area of the calibration
duct nust be constant over a distance of 10 or nore duct
di aneters. For a rectangul ar cross section, use an
equi val ent di aneter, cal culated according to Equation 2-2
(see Section 12.3), to determ ne the nunber of duct
di aneters. To ensure the presence of stable, fully
devel oped flow patterns at the calibration site, or "test

section,”" the site nust be |ocated at |east eight dianeters
downstream and two di aneters upstream fromthe nearest
di st ur bances.

NOTE: The eight- and two-di aneter criteria are not
absol ute; other test section |ocations may be used (subject
to approval of the Adm nistrator), provided that the flow at
the test site has been denonstrated to be or found stable
and parallel to the duct axis.

10.1.2.3 The flow system shall have the capacity to
generate a test-section velocity around 910 mmn (3, 000
ft/mn). This velocity nust be constant with tine to
guarantee steady flow during calibration. Note that Type S
pitot tube coefficients obtained by single-velocity

calibration at 910 mimn (3,000 ft/mn) wll generally be

valid to 3 percent for the neasurenent of velocities above
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300 Mmn (1,000 ft/mn) and to = 6 percent for the
measurenent of velocities between 180 and 300 mimn (600 and
1,000 ft/mn). |If a nore precise correlation between the
pitot tube coefficient ,(C), and velocity is desired, the
fl ow system shoul d have the capacity to generate at | east
four distinct, tinme-invariant test-section velocities
covering the velocity range from 180 to 1,500 nimn (600 to
5,000 ft/mn), and calibration data shall be taken at
regul ar velocity intervals over this range (see References 9
and 14 in Section 17.0 for details).

10.1.2.4 Two entry ports, one for each of the
standard and Type S pitot tubes, shall be cut in the test
section. The standard pitot entry port shall be | ocated
slightly downstream of the Type S port, so that the standard
and Type S inpact openings will lie in the sane cross-
sectional plane during calibration. To facilitate alignnment
of the pitot tubes during calibration, it is advisable that
the test section be constructed of Plexiglas™ or sone ot her
transparent materi al

10.1.3 Calibration Procedure. Note that this
procedure is a general one and nust not be used w t hout
first referring to the special considerations presented in
Section 10.1.5. Note also that this procedure applies only

to single-velocity calibration. To obtain calibration data
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for the A and B sides of the Type S pitot tube, proceed as
fol |l ows:

10.1.3.1 WMake sure that the manoneter is properly
filled and that the oil is free fromcontam nation and is of
the proper density. |Inspect and | eak-check all pitot |ines;
repair or replace if necessary.

10.1.3.2 Level and zero the manoneter. Switch on the
fan, and allow the flow to stabilize. Seal the Type S pitot
tube entry port.

10.1.3.3 Ensure that the manoneter is |evel and
zeroed. Position the standard pitot tube at the calibration
point (determ ned as outlined in Section 10.1.5.1), and
align the tube so that its tip is pointed directly into the
flow Particular care should be taken in aligning the tube
to avoid yaw and pitch angles. Mke sure that the entry
port surrounding the tube is properly seal ed.

10.1.3.4 Read )pgq and record its value in a data
table simlar to the one shown in Figure 2-9. Renove the
standard pitot tube fromthe duct, and disconnect it from
the manoneter. Seal the standard entry port.

10.1.3.5 Connect the Type S pitot tube to the
manonet er and | eak-check. Open the Type S tube entry port.
Check the manoneter |evel and zero. Insert and align the
Type S pitot tube so that its A side inpact opening is at

the sane point as was the standard pitot tube and is pointed
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directly into the flow Mke sure that the entry port
surroundi ng the tube is properly seal ed.

10.1.3.6 Read )ps, and enter its value in the data
table. Renove the Type S pitot tube fromthe duct, and
di sconnect it fromthe manoneter.

10.1.3.7 Repeat Steps 10.1.3.3 through 10.1.3.6 until
three pairs of )p readings have been obtained for the A side
of the Type S pitot tube.

10.1.3.8 Repeat Steps 10.1.3.3 through 10.1.3.7 for
the B side of the Type S pitot tube.

10.1.3.9 Performcal cul ati ons as described in Section
12.4. Use the Type S pitot tube only if the values of F,
and F; are less than or equal to 0.01 and if the absol ute
val ue of the difference between G, and C,g is 0.01 or
| ess.

10.1.4 Special Considerations.

10.1.4.1 Selection of Calibration Point.

10.1.4.1.1 Wen an isolated Type S pitot tube is
calibrated, select a calibration point at or near the center
of the duct, and follow the procedures outlined in Section
10.1.3. The Type S pitot coefficients neasured or
calculated, [i.e. Gy and Cp(B)] will be valid, so long as
either: (1) the isolated pitot tube is used; or (2) the
pitot tube is used with other conponents (nozzle,

t hermocoupl e, sanple probe) in an arrangenent that is free
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fromaerodynam c interference effects (see Figures 2-4, 2-7,
and 2-8).

10.1.4.1.2 For Type S pitot tube-thernocoupl e
conbi nations (w thout probe assenbly), select a calibration
point at or near the center of the duct, and follow the
procedures outlined in Section 10.1.3. The coefficients so
obtained will be valid so long as the pitot tube-
t hermocoupl e conmbination is used by itself or with other
conponents in an interference-free arrangenent (Figures 2-4,
2-7, and 2-8).

10.1.4.1.3 For Type S pitot tube conbinations with
conpl ete probe assenblies, the calibration point should be
| ocated at or near the center of the duct; however,
insertion of a probe sheath into a small duct nmay cause
significant cross-sectional area interference and bl ockage
and yield incorrect coefficient values (Reference 9 in
Section 17.0). Therefore, to mnimze the bl ockage effect,
the calibration point may be a few inches off-center if
necessary. The actual bl ockage effect wll be negligible
when the theoretical blockage, as determ ned by a projected-
area nodel of the probe sheath, is 2 percent or |less of the
duct cross-sectional area for assenblies w thout external
sheaths (Figure 2-10a), and 3 percent or |ess for assenblies

with external sheaths (Figure 2-10Db).
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10.1.4.2 For those probe assenblies in which pitot
tube-nozzle interference is a factor (1.e., those in which
the pitot-nozzle separation distance fails to neet the
specifications illustrated in Figure 2-7A), the val ue of
Gysy depends upon the anmount of free space between the tube
and nozzle and, therefore, is a function of nozzle size. |In
t hese instances, separate calibrations shall be perforned
wi th each of the commonly used nozzle sizes in place. Note
that the single-velocity calibration technique is acceptable
for this purpose, even though the | arger nozzle sizes
(>0.635 cmor 1/4 in.) are not ordinarily used for
i sokinetic sanpling at velocities around 910 mMmn (3, 000
ft/mn), which is the calibration velocity. Note also that
it is not necessary to draw an isokinetic sanple during
calibration (see Reference 19 in Section 17.0).

10.1.4.3 For a probe assenbly constructed such that
its pitot tube is always used in the sane orientation, only
one side of the pitot tube need be calibrated (the side
which will face the flow). The pitot tube nmust still neet
the alignnment specifications of Figure 2-2 or 2-3, however,
and nust have an average deviation (F) value of 0.01 or |ess
(see Section 10.1.4.4).

10.1.5 Field Use and Recalibration.

10.1.5.1 Field Use.
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10.1.5.1.1 Wien a Type S pitot tube (isolated or in
an assenbly) is used in the field, the appropriate
coefficient value (whether assigned or obtained by
calibration) shall be used to performvelocity cal cul ati ons.
For calibrated Type S pitot tubes, the A side coefficient
shal | be used when the A side of the tube faces the flow
and the B side coefficient shall be used when the B side
faces the flow Alternatively, the arithnetic average of
the A and B side coefficient values may be used,
irrespective of which side faces the flow

10.1.5.1.2 Wen a probe assenbly is used to sanple a
smal | duct, 30.5 to 912.4 cm (12 to 36 in.) in dianmeter, the
probe sheath sonetinmes bl ocks a significant part of the duct
Cross-section, causing a reduction in the effective val ue of
GCys)- Consult Reference 9 (see Section 17.0) for details.
Conventional pitot-sanpling probe assenblies are not
recommended for use in ducts having inside dianeters smaller
than 30.5 cm (12 in.) (see Reference 16 in Section 17.0).

10.1.5.2 Recalibration.

10.1.5.2.1 |Isolated Pitot Tubes. After each field
use, the pitot tube shall be carefully reexam ned in top,
side, and end views. |If the pitot face openings are stil
aligned within the specifications illustrated in Figure 2-2
and Figure 2-3, it can be assuned that the baseline

coefficient of the pitot tube has not changed. |f, however,
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t he tube has been damaged to the extent that it no |onger
nmeets the specifications of Figure 2-2 and Figure 2-3, the
damage shall either be repaired to restore proper alignnment
of the face openings, or the tube shall be discarded.

10.1.5.2.2 Pitot Tube Assenblies. After each field
use, check the face opening alignnment of the pitot tube, as
in Section 10.1.5.2.1. Al so, reneasure the interconponent
spaci ngs of the assenbly. If the interconponent spacings
have not changed and the face opening alignnent is
acceptable, it can be assuned that the coefficient of the
assenbly has not changed. |If the face opening alignnent is
no longer within the specifications of Figure 2-2 and Figure
2-3, either repair the damage or replace the pitot tube
(calibrating the new assenbly, if necessary). |If the
i nt er conponent spaci ngs have changed, restore the original
spaci ngs, or recalibrate the assenbly.

10.2 Standard Pitot Tube (if applicable). If a
standard pitot tube is used for the velocity traverse, the
tube shall be constructed according to the criteria of
Section 6.7 and shall be assigned a baseline coefficient
value of 0.99. |If the standard pitot tube is used as part
of an assenbly, the tube shall be in an interference-free
arrangenent (subject to the approval of the Adm nistrator).

10.3 Tenperature Sensors.
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10.3.1 After each field use, calibrate dial
thernmoneters, liquid-filled bulb thernoneters, thernocouple-
potenti onmeter systens, and other sensors at a tenperature
within 10 percent of the average absol ute stack tenperature.
For tenperatures up to 405°C (761°F), use an ASTM nercury-
in-glass reference thernmoneter, or equivalent, as a
reference. Alternatively, either a reference thernocouple
and potentioneter (calibrated against N ST standards) or
thernmonetric fixed points (e.g., ice bath and boiling water,
corrected for baronetric pressure) may be used. For
t enper at ures above 405°C (761°F), use a reference
t her nocoupl e- potenti onmeter system cali brated agai nst N ST
standards or an alternative reference, subject to the
approval of the Adm nistrator.

10.3.2 The tenperature data recorded in the field
shall be considered valid. |If, during calibration, the
absol ute tenperature neasured with the sensor being
calibrated and the reference sensor agree within 1.5
percent, the tenperature data taken in the field shall be
considered valid. Oherw se, the pollutant em ssion test
shal |l either be considered invalid or adjustnments (if
appropriate) of the test results shall be made, subject to

t he approval of the Adm nistrator.



236

10.4 Baroneter. Calibrate the baroneter used agai nst
a nercury baroneter
11.0 Analytical Procedure.

Sanpl e collection and anal ysis are concurrent for this
met hod (see Section 8.0).

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after final calcul ation.

12.1 Nomencl at ure.

A = Cross-sectional area of stack, nt (ft?).

B = Wat er vapor in the gas stream|[from Method 4

(reference nethod) or Method 5], proportion

by vol une.
G = Pitot tube coefficient, dinmensionless.
GCs) = Type S pitot tube coefficient,

di mensi onl ess.

Gostay = Standard pitot tube coefficient; use 0.99
if the coefficient is unknown and the tube
i s designed according to the criteria of
Sections 6.7.1 to 6.7.5 of this nethod.

D. = Equi val ent di aneter.

K = 0.127 M H,0 (nmetric units).

0.005 in. HO (English units).
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Vel ocity equation constant.
Lengt h.
Mol ecul ar wei ght of stack gas, dry basis
(see Section 8.6), g/g-nole (Ib/lb-nole).
Mol ecul ar wei ght of stack gas, wet basis,
g/g-nole (Ib/lb-nole).
Total nunber of traverse points.
Baronmetric pressure at neasurenent site, mm
Hg (in. Hg).
Stack static pressure, mmHg (in. Hg).
Absol ute stack pressure (Py,, + Py, nmm Hg
(in. Hg),
St andard absol ute pressure, 760 nm Hg (29.92
in. Hg).
Dry volunmetric stack gas flowrate corrected
to standard conditions, dscm hr (dscf/hr).
Sensitivity factor for differential pressure
gauges.
Stack tenperature, °C (°F).
Absol ute stack tenperature, °K (°R).
273 + T, for nmetric units,
460 + T, for English units.
Standard absol ute tenperature, 293 °K (528
°R).

Average stack gas velocity, msec (ft/sec).
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w = W dt h.

)p = Vel ocity head of stack gas, mm H,0 (in. H0).

p; = I ndi vi dual velocity head reading at traverse
point "i", mm(in.) HO.

)Psig = Vel ocity head neasured by the standard pitot

tube, cm (in.) HO0.

Jps = Vel ocity head neasured by the Type S pitot
tube, cm (in.) HO.

3600

Conversi on Factor, sec/hr.

18.0

Mol ecul ar wei ght of water, g/g-nmole (Ib/lDb-
nol e) .

12.2 Calculate T as foll ows:

n
Y Db, +K

T=-12 Eq. 2-1

n

5 oo

12.3 Calculate D, as foll ows:

_2LW
D Tow Eq. 2-2

12.4 Calibration of Type S Pitot Tube.
12.4.1 For each of the six pairs of )p readings

three fromside A and three fromside B) obtained in

Section 10.1.3, calculate the value of the Type S pitot tube

coeffi

cient according to Equation 2-3:
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)pstd
_ ' Eg. 2-3
p(s) QNQd) )p 9

C

12.4.2 Calculate G,,, the nmean A-side coefficient,
and Gy, the mean B-side coefficient. Calculate the
di fference between these two average val ues.

12.4.3 Calculate the deviation of each of the three
A-side values of G, fromGC,,, and the deviation of each of
the three B-side values of C,s fromG,g, using Equation
2- 4.

Deviation = Cyg - Cyaor g Eq. 2-4

12.4.4 Calculate F, the average deviation fromthe
mean, for both the A and B sides of the pitot tube. Use

Equation 2-5:

3

- ) IZ; Cos) ™ Spcaor g Eq. 2-5

Aor B 3

12.5 Mol ecul ar Wi ght of Stack Gas.
M = M (1- B, + 18.0 B, Eq. 2-6
12.6 Average Stack Gas Velocity.

T
v. =K C .Dp s(abs) Eq. 2-7
s = eV Pavey TR W
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m | (g/ g-nol e) (mMmHg) |3 _

34. 97 Sec (°K) (MH,0) } Metric
m | (lb/lb-mole)(in. Hy) |5 i

85.49S [ R (in. H0) } English

12.7 Average Stack Gas Dry Volunetric Fl ow Rate.

Tst d Ps
T P

s(abs) ~ std

Q=3600(1-B,) v A Eq. 2-8

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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17.0 Tables, Diagrams, Flowcharts, and Validation

Data.
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1.90-2.54 cm*
(075-10in)

L()

7.62cm (3iny* Temperature Sensor
..\‘\
\ pa— A\

> 8§

Type S Pitot Tube

Manometer Leak-Free Connections

* Suggested (Interference Free)
Pitot tube/Thermocouple Spacing

Figure 2-1. Type S Pitot Tube Manometer Assembly.
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Transverse |
Tube Axis |

Longitudinal

Tube Axis

w|>
|
|
|
J

BYg

[ -

B-Side Plane
(b)

Note:
105D g P < 150D ¢

PA=Pg

(&) end view; face opening planes perpendicular
to transverse axis;

(b) top view; face opening planes paraliel to
longjtucinal axis;

(©) side view; both legs of equal length and
centeriines coincident, when viewed from
both sides. Baseline coefiicient values of
0.84 may be assigned to pitot tubes con-
structed this way

Figure 2-2.

Properly Constructed Type S Pitot Tube.
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Transverse
Tube Axis
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© o
B o Yeaw
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®
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[ A;:__
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The types of face-opening misalignment shown above will not affect the baseline value of Cp(s) so
longas apd <dp2, B andf <5°,2<0.32cm(1/8in), and w<0.08 cm (/32 in) (reference
11.01in Section 16.0).

Figure 2-3. Types of face-opening misalignments that can
result from field use or 1mproper construction of type S
pitot tubes.
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Figure 2-4. Proper temperature sensor placement to
prevent interference; D, between 0.48 and 0.95 cm (3716 and
3/8 1n).



248

Curved or
Mitered Junction
L~
=
L
Static
— Holes 51
wm)\\\\
e —
Hemispherical
Tip \
1

Figure 2-5. Standard pitot tube design specifications.
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DATE RUN NO

STACK DI A. OR DI MENSIONS, m (in.)

BAROVETRI C PRESS., mm Hg (i n.

CROSS SECTI ONAL AREA, 1?7 (ft2)

OPERATORS

H)

PI TOT TUBE I.D. NO.

AVG COEFFI Cl ENT, Cp
LAST DATE CALI BRATED
SCHENMATI C OF STACK

CROSS SECTI ON

Vel . Hd.,
Traverse Ap
Pt. No. mm (in.)
H,O

St ack

Tenper at ure

Ts,

Ts,

OC (OF) OK (OR)

mm Hg
(in. Hg)

(Ap) 1/2

Aver age

Fi gure 2-6.

Vel ocity traverse data.
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v

f D,  TypeSPiotTube

’ x2190am (%) for D =13 (6in)

Dn
Sampling Nozzle
A. Bottom View; showing minimum pitot tube-nozzle separation.
Sampling Static Pressure

Sampling Nozzle Opening Plane
Probe

Impact Pressure
Opening Plane

Type S Nozzle Entry

Pitot Tube Plane \

B. Side View; to prevent pitot tube from interfering with gas
flow streamlines approaching the nozzle, the impact pressure
opening plane of the pitot tube shall be even with or above the
nozzle entry plane.

Figure 2-7. Proper pitot tube-sampling nozzle
configuration.

PI TOT TUBE | DENTI FI CATI ON NUMBER: DATE

é f D,  TypeSPiotTube

e

Sample Probe
( !

___L_@____

Figure 2-8. Minimum pitot-sample probe separation needed
to prevent interference; D, between 0.48 and 0.95 cm (3/16
and 3/8 i1n).
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CALI BRATED BY:

"A" S| DE CALI BRATI ON
AP 4 aPs)
cm H,0O cm H,0 Devi ati on
RUN NO, (in HO (in HO Gos) G - G(A
1
2
3
G, avg
(SI DE A)
"B" SI DE CALI BRATI ON
AP 4 aPs)
cm H,0 cm H,0 Devi ati on
RUN NO (in HO (in HO Cocs) G - G(B)
1
2
3
G, avg
(S| DE B)
3 _
iZl|C|O(S) ~Cocaors) Eq. 2-5
I:AorB B 3

[ Cp,avg (side A) - Cp,avg (side B)] °
* Must be less than or equal to 0.01

Figure 2-9. Pitot tube calibration data.
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Estimated
Sheath = X W X 100
Blockage Duct Area

%)

@ ®)

Figure 2-10. Projected-area models for typical pitot tube assemblie
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METHOD 4 - DETERMINATION OF MOISTURE CONTENT
IN STACK GASES

NOTE: This method does not include all the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethods: Method 1
Met hod 5, and Met hod 6.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity

Wat er vapor (HO 7732-18-5 N A

1.2 Applicability. This nethod is applicable for the
determ nation of the noisture content of stack gas.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 A gas sanple is extracted at a constant rate from

the source; noisture is renoved fromthe sanple stream and

determ ned either volunetrically or gravinetrically.
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2.2 The nethod contains two possible procedures: a
reference nethod and an approxi mati on net hod.

2.2.1 The reference nethod is used for accurate
determ nations of noisture content (such as are needed to
cal cul ate em ssion data). The approxi mation net hod,
provi des estimates of percent noisture to aid in setting
i sokinetic sanpling rates prior to a pollutant em ssion
measurenent run. The approxi mati on nmet hod described herein
is only a suggested approach; alternative nmeans for
approxi mating the noisture content (e.g., drying tubes, wet
bul b-dry bul b techni ques, condensati on techni ques,
stoichionetric cal cul ati ons, previous experience, etc.) are
al so accept abl e.

2.2.2 The reference nethod is often conducted
simul taneously with a pollutant em ssion neasurenent run.
When it is, calculation of percent isokinetic, pollutant
em ssion rate, etc., for the run shall be based upon the
results of the reference nethod or its equivalent. These
cal cul ations shall not be based upon the results of the
approxi mati on net hod, unless the approxi mation nethod is
shown, to the satisfaction of the Adm nistrator, to be
capabl e of yielding results within one percent HO of the
ref erence net hod.

3.0 Definitions. [Reserved]
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4.0 Interferences.

4.1 The noisture content of saturated gas streans or
streans that contain water droplets, as neasured by the
reference nethod, may be positively biased. Therefore, when
t hese conditions exist or are suspected, a second
determ nation of the noisture content shall be nade
simul taneously with the reference nethod, as foll ows:
Assune that the gas streamis saturated. Attach a
tenperature sensor [capable of nmeasuring to x1 °C (2 °F)] to
the reference nethod probe. Measure the stack gas
tenperature at each traverse point (see Section 8.1.1.1)
during the reference nethod traverse, and cal cul ate the
average stack gas tenperature. Next, determ ne the noisture
percentage, either by: (1) using a psychronetric chart and
maki ng appropriate corrections if the stack pressure is
different fromthat of the chart, or (2) using saturation
vapor pressure tables. In cases where the psychronetric
chart or the saturation vapor pressure tables are not
appl i cabl e (based on eval uation of the process), alternative
met hods, subject to the approval of the Adm nistrator, shal
be used.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous

materials, operations, and equipnment. This test nethod may
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not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.
6.0 Equipment and Supplies.
6.1 Reference Method. A schematic of the sanpling
train used in this reference nethod is showm in Figure 4-1.
6.1.1 Probe. Stainless steel or glass tubing,
sufficiently heated to prevent water condensation, and
equi pped with a filter, either in-stack (e.g., a plug of
gl ass wool inserted into the end of the probe) or heated
out-of-stack (e.g., as described in Method 5), to renove
particulate matter. \When stack conditions permt, other
metals or plastic tubing nmay be used for the probe, subject
to the approval of the Adm nistrator.

6.1.2 Condenser. Sane as Method 5, Section 6.1.1.8.

6.1.3 Cooling System An ice bath container, crushed
ice, and water (or equivalent), to aid in condensing
noi st ure.

6.1.4 Metering System Sane as in Method 5, Section
6.1.1.9, except do not use sanpling systens designed for
flow rates higher than 0.0283 n¥/ mn (1.0 cfm. Oher

met eri ng systens, capable of maintaining a constant sanpling



351
rate to within 10 percent and determ ning sanple gas vol une
to within 2 percent, may be used, subject to the approval of
t he Admi nistrator.

6.1.5 Baroneter and Graduated Cylinder and/or
Bal ance. Sanme as Method 5, Sections 6.1.2 and 6.2.5,
respectively.

6.2. Approximation Method. A schematic of the
sanpling train used in this approximtion nmethod is shown in
Figure 4-2.

6.2.1 Probe. Same as Section 6.1.1.

6.2.2 Condenser. Two mdget inpingers, each with 30-
m capacity, or equivalent.

6.2.3 Cooling System Ice bath container, crushed
ice, and water, to aid in condensing noisture in inpingers.

6.2.4 Drying Tube. Tube packed with new or
regenerated 6- to 16-nmesh indicating-type silica gel (or
equi val ent desiccant), to dry the sanple gas and to protect
the nmeter and punp.

6.2.5 Valve. Needle valve, to regulate the sanple
gas flow rate

6.2.6 Punp. Leak-free, diaphragmtype, or
equi valent, to pull the gas sanple through the train.

6.2.7 Volume Meter. Dry gas neter, sufficiently

accurate to neasure the sanple volunme to within 2 percent,
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and calibrated over the range of flow rates and conditions
actual ly encountered during sanpling.

6.2.8 Rate Meter. Rotanmeter, or equivalent, to
measure the flow range fromO to 3 liters/mn (0 to 0.11
cfm.

6.2.9 Gaduated Cylinder. 25-n.

6.2.10 Baroneter. Same as Method 5, Section 6.1.2.

6.2.11 Vacuum Gauge. At least 760-mm (30-in.) Hg
gauge, to be used for the sanpling | eak check.

7.0 Reagents and Standards. [Reserved]
8.0 Sample Collection, Preservation, Transport, and
Storage.

8.1 Reference Method. The follow ng procedure is
intended for a condenser system (such as the inpinger system
described in Section 6.1.1.8 of Method 5) incorporating
vol unetric analysis to neasure the condensed noi sture, and
silica gel and gravinetric analysis to nmeasure the noisture
| eavi ng the condenser.

8.1.1 Prelimnary Determ nations.

8.1.1.1 Unless otherw se specified by the
Adm ni strator, a mninmum of eight traverse points shall be
used for circular stacks having dianeters |ess than 0.61 m
(24 in.), a mninmmof nine points shall be used for

rectangul ar stacks havi ng equi val ent dianeters |ess than
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0.61 m(24 in.), and a m nimumof twelve traverse points
shall be used in all other cases. The traverse points shal
be | ocated according to Method 1. The use of fewer points
is subject to the approval of the Adm nistrator. Select a
sui tabl e probe and probe | ength such that all traverse
poi nts can be sanpled. Consider sanpling from opposite
sides of the stack (four total sanpling ports) for |arge
stacks, to permt use of shorter probe lengths. Mark the
probe with heat resistant tape or by sone other nmethod to
denote the proper distance into the stack or duct for each
sanpl i ng point.

8.1.1.2 Select atotal sanpling tinme such that a
m ni mum total gas volunme of 0.60 scm (21 scf) wll be
collected, at a rate no greater than 0.021 n¥ mn
(0.75 cfm. Wen both noisture content and pol | utant
em ssion rate are to be determ ned, the noisture
determ nation shall be sinultaneous with, and for the sane
total length of tinme as, the pollutant em ssion rate run,
unl ess otherw se specified in an applicable subpart of the
st andar ds.

8.1.2 Preparation of Sanpling Train.

8.1.2.1 Place known vol unes of water in the first two
i npingers; alternatively, transfer water into the first two
i npi ngers and record the wei ght of each inpinger (plus

water) to the nearest 0.5 g. Wigh and record the wei ght of
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the silica gel to the nearest 0.5 g, and transfer the silica
gel to the fourth inpinger; alternatively, the silica gel
may first be transferred to the inpinger, and the wei ght of
the silica gel plus inpinger recorded.

8.1.2.2 Set up the sanpling train as shown in Figure
4-1. Turn on the probe heater and (if applicable) the
filter heating systemto tenperatures of approximately
120 °C (248 °F), to prevent water condensation ahead of the
condenser. Allowtime for the tenperatures to stabili ze.
Pl ace crushed ice and water in the ice bath container.

8.1.3 Leak Check Procedures. It is recommended, but
not required, that the volune netering system and sanpling
train be | eak-checked as foll ows:

8.1.3.1 Metering System Sanme as Method 5, Section
8.4. 1.

8.1.3.2 Sanpling Train. Disconnect the probe from
the first inpinger or (if applicable) fromthe filter
holder. Plug the inlet to the first inpinger (or filter
hol der), and pull a 380 mm (15 in.) Hg vacuum A | ower
vacuum may be used, provided that it is not exceeded during
the test. A |eakage rate in excess of 4 percent of the
average sanpling rate or 0.00057 n¥/ mn (0.020 cfm,
whi chever is less, is unacceptable. Follow ng the |eak

check, reconnect the probe to the sanpling train.
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8.1.4 Sampling Train Operation. During the sanpling
run, maintain a sanpling rate wwthin 10 percent of constant
rate, or as specified by the Admnistrator. For each run,
record the data required on a data sheet simlar to that
shown in Figure 4-3. Be sure to record the dry gas neter
readi ng at the beginning and end of each sanpling tine
i ncrenment and whenever sanpling is halted. Take other
appropriate readi ngs at each sanple point at |east once
during each tinme increnent.

NOTE: Wen Method 4 is used concurrently with an
i sokinetic nmethod (e.g., Method 5) the sanpling rate should
be mai ntained at isokinetic conditions rather than 10
percent of constant rate.

8.1.4.1 To begin sanpling, position the probe tip at
the first traverse point. |Imediately start the punp, and
adjust the flowto the desired rate. Traverse the cross
section, sanpling at each traverse point for an equal |ength
of time. Add nore ice and, if necessary, salt to maintain a
tenperature of less than 20 °C (68 °F) at the silica gel
outl et.

8.1.4.2 After collecting the sanple, disconnect the
probe fromthe first inpinger (or fromthe filter hol der),
and conduct a | eak check (mandatory) of the sanpling train

as described in Section 8.1.3.2. Record the | eak rate. | f
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the | eakage rate exceeds the allowable rate, either reject
the test results or correct the sanple volune as in Section
12. 3 of Method 5.

8.2 Approximtion Mthod.

NOTE: The approxi mation nethod descri bed below is
presented only as a suggested nethod (see Section 2.0).

8.2.1 Place exactly 5 m water in each inpinger.

Leak check the sampling train as follows: Tenporarily
insert a vacuum gauge at or near the probe inlet. Then,
plug the probe inlet and pull a vacuum of at |east 250 mm
(10 in.) Hg. Note the tine rate of change of the dry gas
meter dial; alternatively, a rotanmeter (0 to 40 m/mn) may
be tenporarily attached to the dry gas neter outlet to
determ ne the | eakage rate. A leak rate not in excess of 2
percent of the average sanpling rate is acceptable.

NOTE: Release the probe inlet plug slowy before
turning off the punp.

8.2.2 Connect the probe, insert it into the stack,
and sanple at a constant rate of 2 liters/mn (0.071 cfm.
Continue sanpling until the dry gas neter registers about 30
liters (1.1 ft3 or until visible liquid droplets are
carried over fromthe first inpinger to the second. Record
tenperature, pressure, and dry gas neter readings as

i ndi cated by Figure 4-4.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Section Quality Control Ef f ect
Measur e

Section 8.1.1.4 Leak rate of the Ensures the
sanpling system accuracy of the
cannot exceed four volunme of gas
percent of the sanpl ed.
aver age sanpling (Ref erence Met hod)

rate or 0.00057
nt/mn (0.20 cfn).

Section 8.2.1 Leak rate of the Ensures the
sanpling system accuracy of the
cannot exceed two vol ume of gas
percent of the sanpl ed.
aver age sanpling (Appr oxi mat i on
rate. Met hod)

9.2 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Reference Method. Calibrate the netering
system tenperature sensors, and baroneter according to
Met hod 5, Sections 10.3, 10.5, and 10.6, respectively.

10.2 Approximation Method. Calibrate the nmetering
system and the baroneter according to Method 6, Section 10.1
and Method 5, Section 10.6, respectively.

11.0 Analytical Procedure.
11.1 Reference Method. Measure the volunme of the

noi sture condensed in each of the inpingers to the nearest
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m. Alternatively, if the inpingers were weighed prior to
sanpling, weigh the inpingers after sanpling and record the
difference in weight to the nearest 0.5 g. Determne the
increase in weight of the silica gel (or silica gel plus
inpinger) to the nearest 0.5 g. Record this information (see
exanpl e data sheet, Figure 4-5), and calculate the noisture
content, as described in Section 12.0.
11.2 Approxi mation Method. Conbine the contents of
the two inpingers, and neasure the volune to the nearest 0.5
m .
12.0 Data Analysis and Calculations.
Carry out the follow ng cal cul ations, retaining at
| east one extra significant figure beyond that of the
acquired data. Round off figures after final calcul ation.
12.1 Reference Method
12.1.1 Nonencl at ure.
B, = Proportion of water vapor, by volune, in the
gas stream
M, = Mol ecul ar weight of water, 18.0 g/g-nole
(18.0 I b/l b-rol €).
Pn = Absolute pressure (for this nethod, sane as
baronetric pressure) at the dry gas neter
mmHg (in. Hg).

Py = Standard absolute pressure, 760 mm Hg



Vi(st d)

Vwc( std)

szg(st d)

Vi
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(29.92 in. Hg).
| deal gas const ant,
0.06236 (mMm Hg) (n¥)/ (g-nole) (°K) for netric
units and 21.85 (in. Hg)(ft3/(lb-nole)(°R
for English units.
Absol ute tenperature at neter, °K (°R).
St andard absol ute tenperature, 293 °K
(528 °R).
Fi nal volunme of condenser water, m.
Initial volune, if any, of condenser water,
m .
Dry gas vol une neasured by dry gas neter, dcm

(dcf).

Dry gas vol une neasured by the dry gas neter
corrected to standard conditions, dscm (dscf).
Vol unme of water vapor condensed, corrected to
standard conditions, scm (scf).
Vol une of water vapor collected in silica gel,
corrected to standard conditions, scm (scf).
Final weight of silica gel or silica gel plus
i npi nger, g.
Initial weight of silica gel or silica gel
pl us i npi nger, g.
Dry gas neter calibration factor

I ncrenental dry gas vol une neasured by dry gas
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meter at each traverse point, dcm (dcf).
Dy = Density of water, 0.9982 g/n
(0.002201 Ib/mM).

12.1.2 Volune of Water Vapor Condensed.

(V§ - Vi)pw R Tgg

Vwe(std) =
() Pstd Mwy
EqQ.-
= Kg (Vg - Vj)
wher e:
K, = 0.001333 n¥/mM for metric units,

0.04706 ft3 m for English units.

12.1.3 Volune of Water Collected in Silica Gel.

(W - Wj) R Tgq

szg(std) : Pstd Mw K2
EqQ.-
= Kz (Wf = Wj)
wher e:
K = 1.0 g/g for netric units

453.6 g/l b for English units

s
I

0.001335 nt/g for metric units,

0.04715 ft3 g for English units.

12.1.4 Sanple Gas Vol une.

4-2
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VmY Pm Tsd

Vv =
mstd) Pstd T

Eq. 4-3

wher e:

Fe
I

0.3855 °K/mmHg for netric units,

17.64 °R/in. Hg for English units.

NOTE: |If the post-test leak rate (Section 8.1.4.2)
exceeds the allowable rate, correct the value of V,in
Equation 4-3, as described in Section 12.3 of Method 5.

12.1.5 Moisture Content.

Vv +V
Biys - wc(std) wsg(std) Eq. 4-4

Viwestd) * Vwsg(std) © Vm(std)

12.1.6 Verification of Constant Sanpling Rate. For
each time increnent, determne the )V, Calculate the
average. |If the value for any tinme increnent differs from
the average by nore than 10 percent, reject the results, and
repeat the run.

12.1.7 |In saturated or noisture droplet-|laden gas
streans, two cal cul ations of the noisture content of the

stack gas shall be nade, one using a val ue based upon the



363
saturated conditions (see Section 4.1), and anot her based
upon the results of the inpinger analysis. The |ower of
t hese two val ues of B, shall be considered correct.

12.2 Approxi mation Method. The approxi mati on net hod
presented is designed to estimate the noisture in the stack
gas; therefore, other data, which are only necessary for
accurate noisture determ nations, are not collected. The
foll ow ng equati ons adequately estimate the noi sture content
for the purpose of determning isokinetic sanpling rate
settings.

12.2.1 Nonencl at ure.

B.n = Approxinmate proportion by volune of water

vapor in the gas stream | eaving the second

i npi nger, 0.025.

Bs, = Water vapor in the gas stream proportion by
vol une.
M, = Ml ecul ar weight of water, 18.0 g/g-nole

(18.0 I b/l b-rol e).

P = Absolute pressure (for this nethod, sane as
baronmetric pressure) at the dry gas neter
mmHg (in. Hg).

Py = Standard absolute pressure, 760 mm Hg
(29.92 in. Hg).

R = ldeal gas constant,

0.06236 [(nm Hg) (n?)]/[(g-nole)(K)]



Vi(std

Vwc( std)
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for metric units and
21.85 [(in. HY) (ft3)]/[(Ib-mole)(°R)] for

English units.

Tm = Absolute tenperature at neter, °K (°R).
Tsg = Standard absolute tenperature, 293 °K
(528 °R).
V; = Final volunme of inpinger contents, nl.
Vi = JInitial volunme of inpinger contents, m.
Vi = Dry gas volune neasured by dry gas neter,
dcm (dcf).
= Dry gas volune neasured by dry gas neter,
corrected to standard conditions, dscm (dscf).
= Volune of water vapor condensed, corrected to
standard conditions, scm (scf).
Y = Dry gas neter calibration factor.
Dy, = Density of water, 0.09982 g/ni
(0.002201 Ib/mM).
12.2.2 Volune of Water Vapor Coll ected.
Vo) - (V§ - ViJew R Tgq
Pstd Mw Eq. 4-5
= Kg (V§ - Vi)
wher e:
Ks = 0.001333 n?/m for netric units,

0.04706 ft3 m for English units.
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12.2.3 Sanple Gas Vol une.

Vv VmY Pm Tgd
m(std) ~
(s Pstd Tm
Eq. 4-6
Vo P
- Kg Y m "m
Tm
wher e:
Ks = 0.3855 °K/mmHg for netric units,
= 17.64 °R/in. Hg for English units.
12.2.4 Approxi mate Mi sture Content.
Vive(std)
Bws = Y, Y + Bwm
we(std) © Vm(std)
Vv Eq. 4-7
we(std) + (0.025)

. Ve(std) * Vm(std)

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 Alternative Procedures.

The procedure described in Method 5 for determ ning
noi sture content is acceptable as a reference nethod.
17.0 References.

1. Air Pollution Engineering Manual (Second Edition).

Dani el son, J.A (ed.). US. Environnmental Protection
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Agency, Ofice of Air Quality Planning and Standards.
Research Triangle Park, NC  Publication No. AP-40. 1973.

2. Devorkin, Howard, et al. Air Pollution Source
Testing Manual. Air Pollution Control District, Los
Angel es, CA. Novenber 1963.

3. Methods for Determ nation of Velocity, Volune, Dust
and M st Content of Gases. Western Precipitation Division
of Joy Manufacturing Co. Los Angeles, CA Bulletin W-50.

1968.

18.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Figure 4-1. Moisture Sampling Train-Reference Method
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Pl ant
Locati on
Oper at or
Dat e

Run No.
Anbi ent tenperature
Baronmetric pressure
Probe Length

SCHENMATI C OF STACK CROSS SECTI ON

Traverse | Sanpling St ack Pressure Met er )V Gas sanple Tenper ature
Pt. No. Ti me Tenper at ure differenti al Readi ng gas nt tenperature at of gas
(1), mn °C (°F) across orifice sampl e (ft3) dry gas neter | eavi ng
nmeter )H vol une condenser
mm (in.) HO m (ft3) Inlet |Qutlet or | ast
Tm, Tmyy i npi nger

"a°p) | P | oA

Aver age

Figure 4-3. Moisture Determination. - Reference Method
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Locati on Coment s:
Test
Dat e
Oper at or
Baronmetric pressure

Cl ock Tinme Gas vol une Rate neter Met er
t hr ough setting tenperature
meter, (V.), nt/ mn °cC(° P
nt (ft3) (ft3 mn)

Figure 4-4_. Example Moisture Determination Field Data
Sheet - Approximation Method.

| mpi nger Silica gel
vol une, m wei ght, g

Fi nal
Initial
D fference

Figure 4-5. Analytical Data - Reference Method.
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METHOD 5 - DETERMINATION OF PARTICULATE MATTER
EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should have a
t hor ough knowl edge of at | east the follow ng additional test
nmet hods: Method 1, Method 2, Method 3.

1.0 Scope and Application.

1.1 Analyte. Particulate matter (PM. No CAS nunber
assi gned.

1.2 Applicability. This nethod is applicable for the
determ nation of PMem ssions from stationary sources.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

Particulate matter is withdrawn isokinetically from
the source and collected on a glass fiber filter maintained
at a tenperature of 120 + 14°C (248 = 25°F) or such other
tenperature as specified by an applicable subpart of the
st andards or approved by the Adm nistrator for a particular

application. The PM mass, which includes any nmaterial that
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condenses at or above the filtration tenperature, is
determ ned gravinetrically after the renoval of unconbi ned
wat er .
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and to determne the applicability of regulatory Iimtations
prior to performng this test nethod.

6.0 Equipment and Supplies.

6.1 Sanple Collection. The following itens are
required for sanple collection:

6.1.1 Sanpling Train. A schematic of the sanpling
train used in this nethod is shown in Figure 5-1 in Section
18.0. Conplete construction details are given in APTD 0581
(Reference 2 in Section 17.0); commercial nodels of this
train are also available. For changes from APTD 0581 and
for allowable nodifications of the train shown in Figure

5-1, see the foll ow ng subsections.
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NOTE: The operating and mai ntenance procedures for
the sanpling train are described in APTD 0576 (Reference 3
in Section 17.0). Since correct usage is inportant in
obtaining valid results, all users should read APTD- 0576 and
adopt the operating and mai nt enance procedures outlined in
it, unless otherw se specified herein.

6.1.1.1 Probe Nozzle. Stainless steel (316) or glass
with a sharp, tapered | eading edge. The angle of taper
shall be <30°, and the taper shall be on the outside to
preserve a constant internal dianmeter. The probe nozzle
shal | be of the button-hook or el bow design, unless
ot herwi se specified by the Admnistrator. |If nmade of
stainless steel, the nozzle shall be constructed from
seanm ess tubing. Oher materials of construction may be
used, subject to the approval of the Adm nistrator. A range
of nozzle sizes suitable for isokinetic sanpling should be
avai l able. Typical nozzle sizes range fromO0.32 to 1.27 cm
(/8 to 1/2 in) inside dianmeter (ID) in increnents of 0.16
cm(1/16 in). Larger nozzles sizes are also available if
hi gher vol unme sanpling trains are used. Each nozzle shal
be calibrated, according to the procedures outlined in
Section 10. 1.

6.1.1.2 Probe Liner. Borosilicate or quartz gl ass

tubing wth a heating system capabl e of maintaining a probe
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gas tenperature during sanpling of 120 £ 14 °C (248 + 25
°F), or such other tenperature as specified by an applicable
subpart of the standards or as approved by the Adm nistrator
for a particular application. Since the actual tenperature
at the outlet of the probe is not usually nonitored during
sanpling, probes constructed according to APTD- 0581 and
utilizing the calibration curves of APTD-0576 (or calibrated
according to the procedure outlined in APTD-0576) will be
consi dered acceptable. Either borosilicate or quartz gl ass
probe liners may be used for stack tenperatures up to about
480 °C (900 °F); quartz glass liners shall be used for
t enper at ures between 480 and 900 °C (900 and 1, 650 °F).
Both types of liners may be used at higher tenperatures than
specified for short periods of time, subject to the approval
of the Adm nistrator. The softening tenperature for
borosilicate glass is 820 °C (1500°F), and for quartz gl ass
it i1s 1500 °C (2700 °F). \enever practical, every effort
shoul d be nade to use borosilicate or quartz gl ass probe
liners. Alternatively, netal liners (e.g., 316 stainless
steel, Incoloy 825 or other corrosion resistant netals) made
of seamnl ess tubing nmay be used, subject to the approval of
t he Admi nistrator.

6.1.1.3 Pitot Tube. Type S, as described in Section

6.1 of Method 2, or other device approved by the
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Adm nistrator. The pitot tube shall be attached to the
probe (as shown in Figure 5-1) to allow constant nonitoring
of the stack gas velocity. The inpact (high pressure)
openi ng plane of the pitot tube shall be even with or above
the nozzle entry plane (see Method 2, Figure 2-7) during
sanpling. The Type S pitot tube assenbly shall have a known
coefficient, determ ned as outlined in Section 10.0 of
Met hod 2.

6.1.1.4 Differential Pressure Gauge. Inclined
manonet er or equi val ent device (two), as described in
Section 6.2 of Method 2. One manoneter shall be used for
vel ocity head ()p) readings, and the other, for orifice
differential pressure readings.

6.1.1.5 Filter Holder. Borosilicate glass, with a
glass frit filter support and a silicone rubber gasket.
O her materials of construction (e.g., stainless steel,
Teflon, or Viton) may be used, subject to the approval of
the Adm nistrator. The hol der design shall provide a
positive seal against | eakage fromthe outside or around the
filter. The holder shall be attached i mediately at the
outlet of the probe (or cyclone, if used).

6.1.1.6 Filter Heating System Any heating system
capable of maintaining a tenperature around the filter

hol der of 120 + 14 °C (248 = 25 °F) during sanpling, or such
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ot her tenperature as specified by an applicable subpart of
t he standards or approved by the Adm nistrator for a
particul ar application.

6.1.1.7 Tenperature Sensor. A tenperature sensor
capabl e of neasuring tenperature to within £3 °C (5.4 °F)
shall be installed so that the sensing tip of the
tenperature sensor is in direct contact wth the sanple gas,
and the tenperature around the filter hol der can be
regul ated and nonitored during sanpling.

6.1.1.8 Condenser. The follow ng system shall be
used to determ ne the stack gas noi sture content: Four
i npi ngers connected in series with | eak-free ground gl ass
fittings or any simlar |eak-free noncontam nating fittings.
The first, third, and fourth inpingers shall be of the
Greenburg-Smth design, nodified by replacing the tip with a
1.3 cm(¥%in.) ID glass tube extending to about 1.3 cm (%
in.) fromthe bottomof the flask. The second i npinger
shall be of the G eenburg-Smth design with the standard
tip. Mdifications (e.g., using flexible connections
bet ween the inpingers, using materials other than glass, or
using flexible vacuumlines to connect the filter holder to
t he condenser) may be used, subject to the approval of the
Adm nistrator. The first and second inpingers shall contain

known quantities of water (Section 8.3.1), the third shal
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be enpty, and the fourth shall contain a known wei ght of
silica gel, or equivalent desiccant. A tenperature sensor,
capabl e of neasuring tenperature to within 1 °C (2 °F) shal
be placed at the outlet of the fourth inpinger for
nmoni toring purposes. Alternatively, any systemthat cools
the sanpl e gas stream and all ows neasurenent of the water
condensed and noi sture | eaving the condenser, each to within
1 mM or 1 g nay be used, subject to the approval of the
Adm nistrator. An acceptable technique involves the
measur enent of condensed water either gravinetrically or
volunetrically and the determ nation of the noisture |eaving
t he condenser by: (1) nonitoring the tenperature and
pressure at the exit of the condenser and using Dalton's | aw
of partial pressures; or (2) passing the sanple gas stream
through a tared silica gel (or equivalent desiccant) trap
with exit gases kept below 20 °C (68 °F) and determ ning the
wei ght gain. |f nmeans other than silica gel are used to
determ ne the anmount of noisture |eaving the condenser, it
is reconmended that silica gel (or equivalent) still be used
bet ween the condenser system and punp to prevent noisture
condensation in the punp and netering devices and to avoid
the need to nmake corrections for noisture in the netered

vol une.
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NOTE: |If a determnation of the PMcollected in the
inpingers is desired in addition to noisture content, the
i npi nger system descri bed above shall be used, w thout
nodi fication. Individual States or control agencies
requiring this information shall be contacted as to the
sanpl e recovery and anal ysis of the inpinger contents.

6.1.1.9 Metering System Vacuum gauge, |eak-free
punp, tenperature sensors capabl e of neasuring tenperature
to wwthin 3 °C (5.4 °F), dry gas neter (DGVW capabl e of
measuring volunme to within 2 percent, and rel ated equi pnent,
as shown in Figure 5-1. Qher nmetering systens capabl e of
mai ntai ning sanpling rates within 10 percent of isokinetic
and of determ ning sanple volunmes to wthin 2 percent may be
used, subject to the approval of the Adm nistrator. When
the netering systemis used in conjunction with a pitot
tube, the systemshall allow periodic checks of isokinetic
rates.

6.1.1 10 Sanpling trains utilizing nmetering systens
desi gned for higher flow rates than that described in APTD
0581 or APTD- 0576 may be used provided that the
specifications of this nethod are net.

6.1.2 Baroneter. Mercury, aneroid, or other
baronet er capabl e of nmeasuring atnospheric pressure to

within 2.5 nmmHg (0.1 in.).
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NOTE: The baronetric pressure reading nmay be obtai ned
froma nearby National Wather Service station. In this
case, the station value (which is the absol ute baronetric
pressure) shall be requested and an adjustnent for el evation
di fferences between the weat her station and sanpling point
shall be made at a rate of mnus 2.5 mMmHg (0.1 in.) per
30 m (100 ft) elevation increase or plus 2.5 nmHg (0.1 in)
per 30 m (100 ft) el evation decrease.

6.1.3 Gas Density Determ nation Equi pnent.
Tenper at ure sensor and pressure gauge, as described in
Sections 6.3 and 6.4 of Method 2, and gas anal yzer, if
necessary, as described in Method 3. The tenperature sensor
shal |, preferably, be permanently attached to the pitot tube
or sanpling probe in a fixed configuration, such that the
tip of the sensor extends beyond the | eading edge of the
probe sheath and does not touch any netal. Alternatively,
the sensor nay be attached just prior to use in the field.
Not e, however, that if the tenperature sensor is attached in
the field, the sensor nust be placed in an interference-free
arrangenent with respect to the Type S pitot tube openings
(see Method 2, Figure 2-4). As a second alternative, if a
difference of not nore than 1 percent in the average
vel ocity neasurenent is to be introduced, the tenperature

sensor need not be attached to the probe or pitot tube.
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(This alternative is subject to the approval of the
Adm ni strator.)

6.2 Sanple Recovery. The following itens are
requi red for sanple recovery:

6.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon
bristle brushes with stainless steel wre handles. The
probe brush shall have extensions (at |east as |long as the
probe) constructed of stainless steel, Nylon, Teflon, or
simlarly inert material. The brushes shall be properly
si zed and shaped to brush out the probe |iner and nozzle.

6.2.2 Wash Bottles. Two G ass wash bottles are
recommended. Alternatively, polyethylene wash bottles may be
used. It is recommended that acetone not be stored in
pol yet hyl ene bottles for |onger than a nonth.

6.2.3 dass Sanple Storage Containers. Chemcally
resistant, borosilicate glass bottles, for acetone washes,
500 M or 1000 m. Screw cap liners shall either be rubber-
backed Teflon or shall be constructed so as to be | eak-free
and resistant to chem cal attack by acetone. (Narrow nouth
gl ass bottles have been found to be | ess prone to | eakage.)
Al ternatively, polyethylene bottles may be used.

6.2.4 Petri Dishes. For filter sanples; glass or
pol yet hyl ene, unl ess otherw se specified by the

Adm ni strator.
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6.2.5 G aduated Cylinder and/or Bal ance. To neasure
condensed water to within 1 ml or 0.5 g. G aduated
cylinders shall have subdivisions no greater than 2 nl.

6.2.6 Plastic Storage Containers. Air-tight
containers to store silica gel

6.2.7 Funnel and Rubber Policeman. To aid in
transfer of silica gel to container; not necessary if silica
gel is weighed in the field.

6.2.8 Funnel. dass or polyethylene, to aid in
sanpl e recovery.

6.3 Sanple Analysis. The follow ng equipnent is
requi red for sanple anal ysis:

6.3.1 d ass Wi ghing D shes.

6.3.2 Desiccator.

6.3.3 Analytical Balance. To neasure to within 0.1

6.3.4 Balance. To neasure to within 0.5 g.

6.3.5 Beakers. 250 nl.

6.3.6 Hygroneter. To neasure the relative humdity
of the | aboratory environnent.

6.3.7 Tenperature Sensor. To neasure the tenperature
of the | aboratory environnent.

7.0 Reagents and Standards.
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7.1 Sanple Collection. The follow ng reagents are
required for sanple collection:

7.1.1 Filters. dass fiber filters, w thout organic
bi nder, exhibiting at | east 99.95 percent efficiency (<0.05
percent penetration) on 0.3 mcron dioctyl phthal ate snoke
particles. The filter efficiency test shall be conducted in
accordance with ASTM Met hod D 2986-71, 78, or 95a
(i ncorporated by reference - see 860.17). Test data from
the supplier's quality control programare sufficient for
this purpose. In sources containing SO, or SO, the filter
material must be of a type that is unreactive to SO, or SO.
Reference 10 in Section 17.0 may be used to select the
appropriate filter.

7.1.2 Silica CGel. Indicating type, 6 to 16 nmesh. |If
previously used, dry at 175 °C (350 °F) for 2 hours. New
silica gel may be used as received. Alternatively, other
types of desiccants (equivalent or better) may be used,
subject to the approval of the Adm nistrator.

7.1.3 Water. Wen analysis of the material caught in
the inpingers is required, deionized distilled water [to
conformto ASTM D 1193-77 or 91 Type 3 (incorporated by
reference - see 860.17)] shall be used. Run blanks prior to
field use to elimnate a high blank on test sanples.

7.1.4 Crushed Ice.
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7.1.5 Stopcock Grease. Acetone-insoluble, heat-
stable silicone grease. This is not necessary if screw on
connectors wth Teflon sleeves, or simlar, are used.
Alternatively, other types of stopcock grease may be used,
subject to the approval of the Adm nistrator.

7.2 Sanple Recovery. Acetone, reagent grade, <0.001
percent residue, in glass bottles, is required. Acetone
fromnetal containers generally has a high residue blank and
shoul d not be used. Sonetines, suppliers transfer acetone
to glass bottles fromnetal containers; thus, acetone bl anks
shall be run prior to field use and only acetone with | ow
bl ank val ues (<0.001 percent) shall be used. 1In no case
shall a bl ank val ue of greater than 0.001 percent of the
wei ght of acetone used be subtracted fromthe sanple weight.

7.3 Sanple Analysis. The follow ng reagents are
requi red for sanple anal ysis:

7.3.1 Acetone. Sanme as in Section 7.2.

7.3.2 Desiccant. Anhydrous cal cium sulfate,
indicating type. Alternatively, other types of desiccants
may be used, subject to the approval of the Adm nistrator.
8.0 Sample Collection, Preservation, Storage, and

Transport.



384

8.1 Pretest Preparation. It is suggested that
sanpl i ng equi pnent be mai ntai ned according to the procedures
descri bed in APTD- 0576.

8.1.1 Place 200 to 300 g of silica gel in each of
several air-tight containers. W.igh each container,
including silica gel, to the nearest 0.5 g, and record this
weight. As an alternative, the silica gel need not be
prewei ghed, but may be weighed directly in its inpinger or
sanpling holder just prior to train assenbly.

8.1.2 Check filters visually against light for
irregularities, flaws, or pinhole | eaks. Label filters of
the proper diameter on the back side near the edge using
nunberi ng machine ink. As an alternative, |abel the
shi ppi ng containers (glass or polyethylene petri dishes),
and keep each filter in its identified container at al
ti mes except during sanpling.

8.1.3 Desiccate the filters at 20 + 5.6 °C (68 £ 10
°F) and anbi ent pressure for at |east 24 hours. Wigh each
filter (or filter and shipping container) at intervals of at
| east 6 hours to a constant weight (i1.e., <0.5 ng change
from previous weighing). Record results to the nearest
0.1 ng. During each weighing, the period for which the
filter is exposed to the | aboratory atnosphere shall be | ess

than 2 mnutes. Alternatively (unless otherw se specified
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by the Adm nistrator), the filters may be oven dried at 105
°C (220 °F) for 2 to 3 hours, desiccated for 2 hours, and
wei ghed. Procedures other than those described, which
account for relative humdity effects, may be used, subject
to the approval of the Adm nistrator.

8.2 Prelimnary Determ nations.

8.2.1 Select the sanpling site and the m ni nrum nunber
of sanpling points according to Method 1 or as specified by
the Admnistrator. Determ ne the stack pressure,
tenperature, and the range of velocity heads using Method 2;
it is reconmended that a | eak check of the pitot |ines (see
Met hod 2, Section 8.1) be perfornmed. Determ ne the noisture
content using Approximation Method 4 or its alternatives for
t he purpose of making isokinetic sanpling rate settings.
Determ ne the stack gas dry nol ecul ar wei ght, as descri bed
in Method 2, Section 8.6; if integrated Method 3 sanpling is
used for nol ecular weight determ nation, the integrated bag
sanpl e shall be taken sinultaneously with, and for the sane
total length of tinme as, the particul ate sanple run.

8.2.2 Select a nozzle size based on the range of
vel ocity heads, such that it is not necessary to change the
nozzle size in order to nmaintain isokinetic sanpling rates.
During the run, do not change the nozzle size. Ensure that

the proper differential pressure gauge is chosen for the
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range of velocity heads encountered (see Section 8.3 of
Met hod 2).

8.2.3 Select a suitable probe Iiner and probe | ength
such that all traverse points can be sanpled. For |arge
st acks, consider sanpling fromopposite sides of the stack
to reduce the required probe |ength.

8.2.4 Select atotal sanpling time greater than or
equal to the mnimumtotal sampling time specified in the
test procedures for the specific industry such that (l) the
sanpling tine per point is not less than 2 m nutes (or sone
greater tine interval as specified by the Adm nistrator),
and (2) the sanple volune taken (corrected to standard
conditions) will exceed the required mninumtotal gas
sanple volunme. The latter is based on an approxi mate
average sanpling rate.

8.2.5 The sanpling tine at each point shall be the
sanme. It is recomended that the nunber of m nutes sanpl ed
at each point be an integer or an integer plus one-half
mnute, in order to avoid tinmekeeping errors.

8.2.6 In sone circunstances (e.g., batch cycles) it
may be necessary to sanple for shorter tinmes at the traverse
points and to obtain snmaller gas sanple volunes. |In these
cases, the Admnistrator's approval nust first be obtai ned.

8.3 Preparation of Sanmpling Train.
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8.3.1 During preparation and assenbly of the sanpling
train, keep all openings where contam nation can occur
covered until just prior to assenbly or until sanpling is
about to begin. Place 100 m of water in each of the first
two inpingers, |leave the third inpinger enpty, and transfer
approximately 200 to 300 g of preweighed silica gel fromits
container to the fourth inpinger. Mre silica gel may be
used, but care should be taken to ensure that it is not
entrained and carried out fromthe inpinger during sanpling.
Pl ace the container in a clean place for later use in the
sanpl e recovery. Alternatively, the weight of the silica
gel plus inpinger may be determned to the nearest 0.5 g and
recor ded.

8.3.2 Using a tweezer or clean disposable surgical
gl oves, place a labeled (identified) and weighed filter in
the filter holder. Be sure that the filter is properly
centered and the gasket properly placed so as to prevent the
sanpl e gas streamfromcircunventing the filter. Check the
filter for tears after assenbly is conpleted.

8.3.3 Wien glass probe liners are used, install the
sel ected nozzle using a Viton A Oring when stack
tenperatures are | ess than 260 °C (500 °F) or a heat-
resi stant string gasket when tenperatures are higher. See
APTD- 0576 for details. Oher connecting systens using

either 316 stainless steel or Teflon ferrules nay be used.
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When netal liners are used, install the nozzle as di scussed
above or by a | eak-free direct nmechanical connection. Mark
the probe with heat resistant tape or by sonme ot her nethod
to denote the proper distance into the stack or duct for
each sanpling point.

8.3.4 Set up the train as shown in Figure 5-1, using
(1f necessary) a very light coat of silicone grease on al
ground glass joints, greasing only the outer portion (see
APTD-0576) to avoid the possibility of contam nation by the
silicone grease. Subject to the approval of the
Adm ni strator, a glass cyclone may be used between the probe
and filter holder when the total particulate catch is
expected to exceed 100 ng or when water droplets are present
in the stack gas.

8.3.5 Place crushed ice around the inpingers.

8.4 Leak- Check Procedures.

8.4.1 Leak Check of Metering System Shown in Figure
5-1. That portion of the sanpling train fromthe punp to
the orifice neter should be | eak-checked prior to initial
use and after each shipnent. Leakage after the punp wll
result in less volunme being recorded than is actually
sanpled. The follow ng procedure is suggested (see Figure
5-2): Close the main valve on the neter box. Insert a one-
hol e rubber stopper with rubber tubing attached into the

orifice exhaust pipe. Disconnect and vent the | ow side of
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the orifice manonmeter. Close off the low side orifice tap.
Pressurize the systemto 13 to 18 cm (5 to 7 in.) water
colum by blowing into the rubber tubing. Pinch off the
tubi ng, and observe the manoneter for one mnute. A |oss of
pressure on the manoneter indicates a leak in the neter box;
| eaks, if present, nust be corrected.

8.4.2 Pretest Leak Check. A pretest |eak check of
the sanpling train is reconmmended, but not required. |If the
pretest |eak check is conducted, the foll ow ng procedure
shoul d be used.

8.4.2.1 After the sanpling train has been assenbl ed,
turn on and set the filter and probe heating systens to the
desired operating tenperatures. Allowtinme for the
tenperatures to stabilize. If a Viton A Oring or other
| eak-free connection is used in assenbling the probe nozzle
to the probe liner, |eak-check the train at the sanpling
site by plugging the nozzle and pulling a 380 mm (15 in.) Hg
vacuum

NOTE: A lower vacuum nay be used, provided that it is
not exceeded during the test.

8.4.2.2 If a heat-resistant string is used, do not
connect the probe to the train during the | eak check.
| nst ead, | eak-check the train by first plugging the inlet to

the filter holder (cyclone, if applicable) and pulling a 380
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mm (15 in.) Hg vacuum (see NOTE in Section 8.4.2.1). Then
connect the probe to the train, and | eak-check at
approximately 25 mm (1 in.) Hg vacuum alternatively, the
probe may be | eak-checked with the rest of the sanpling
train, in one step, at 380 mm (15 in.) Hg vacuum Leakage
rates in excess of 4 percent of the average sanpling rate or
0. 00057 n¥/ min (0.020 cfn), whichever is less, are
unaccept abl e.

8.4.2.3 The follow ng | eak-check instructions for the
sanpling train described in APTD- 0576 and APTD- 0581 nay be
hel pful. Start the punp with the bypass valve fully open
and the coarse adjust valve conpletely closed. Partially
open the coarse adjust valve, and slowy cl ose the bypass
valve until the desired vacuumis reached. Do not reverse
the direction of the bypass valve, as this will cause water
to back up into the filter holder. |If the desired vacuumis
exceeded, either |eak-check at this higher vacuum or end
t he | eak check and start over.

8.4.2.4 \Wen the |l eak check is conpleted, first
slowy renove the plug fromthe inlet to the probe, filter
hol der, or cyclone (if applicable), and i mediately turn off
the vacuum punp. This prevents the water in the inpingers

from being forced backward into the filter holder and the
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silica gel from being entrained backward into the third
I npi nger .

8.4.3 Leak Checks During Sanple Run. If, during the
sanpling run, a conponent (e.g., filter assenbly or
i npi nger) change becones necessary, a |eak check shall be
conducted i mmedi ately before the change is nade. The | eak
check shall be done according to the procedure outlined in
Section 8.4.2 above, except that it shall be done at a
vacuum equal to or greater than the maxi num val ue recorded
up to that point in the test. |If the |eakage rate is found
to be no greater than 0.00057 n¥/ mn (0.020 cfm or 4
percent of the average sanpling rate (whichever is |ess),
the results are acceptable, and no correction will need to
be applied to the total volunme of dry gas netered; if,
however, a higher |eakage rate is obtained, either record
the | eakage rate and plan to correct the sanple volune as
shown in Section 12.3 of this nmethod, or void the sanple
run.

NOTE: |Imrediately after conponent changes, |eak
checks are optional. If such | eak checks are done, the
procedure outlined in Section 8.4.2 above should be used.

8.4.4 Post-Test Leak Check. A |eak check of the
sanpling train is mandatory at the conclusion of each

sanpling run. The | eak check shall be perfornmed in
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accordance with the procedures outlined in Section 8.4. 2,
except that it shall be conducted at a vacuum equal to or
greater than the maxi num val ue reached during the sanpling
run. |If the | eakage rate is found to be no greater than
0. 00057 n¥/ min (0.020 cfn) or 4 percent of the average
sanpling rate (whichever is less), the results are
acceptabl e, and no correction need be applied to the total
vol une of dry gas netered. |If, however, a higher |eakage
rate i s obtained, either record the | eakage rate and correct
t he sanpl e volune as shown in Section 12.3 of this nethod,
or void the sanpling run

8.5 Sampling Train QOperation. During the sanpling
run, maintain an isokinetic sanpling rate (within 10 percent
of true isokinetic unless otherw se specified by the
Adm nistrator) and a tenperature around the filter of
120 + 14 °C (248 + 25 °F), or such other tenperature as
specified by an applicable subpart of the standards or
approved by the Adm nistrator.

8.5.1 For each run, record the data required on a
data sheet such as the one shown in Figure 5-3. Be sure to
record the initial DGMreading. Record the DGM readi ngs at
t he begi nning and end of each sanpling tine increnment, when
changes in flow rates are made, before and after each | eak
check, and when sanpling is halted. Take other readings

i ndicated by Figure 5-3 at | east once at each sanpl e point
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during each tine increnment and additional readi ngs when
significant changes (20 percent variation in velocity head
readi ngs) necessitate additional adjustnents in flow rate.
Level and zero the manoneter. Because the manoneter |evel
and zero may drift due to vibrations and tenperature
changes, make periodic checks during the traverse.

8.5.2 Cean the portholes prior to the test run to
m nimze the chance of collecting deposited material. To
begin sanpling, verify that the filter and probe heating
systens are up to tenperature, renove the nozzle cap, verify
that the pitot tube and probe are properly positioned.
Position the nozzle at the first traverse point with the tip
pointing directly into the gas stream |Imrediately start
the punp, and adjust the flow to isokinetic conditions.
Nonographs are avail able which aid in the rapid adjustnent
of the isokinetic sanpling rate w thout excessive
conput ations. These nonographs are designed for use when
the Type S pitot tube coefficient (G) is 0.85 = 0.02, and
the stack gas equivalent density [dry nol ecul ar weight (M)]
is equal to 29 £+ 4. APTD- 0576 details the procedure for
using the nonographs. |f C, and M, are outside the above
stated ranges, do not use the nonographs unl ess appropriate
steps (see Reference 7 in Section 17.0) are taken to

conpensate for the deviations.
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8.5.3 Wien the stack is under significant negative
pressure (1.e., height of inpinger sten), take care to cl ose
t he coarse adjust valve before inserting the probe into the
stack to prevent water from backing into the filter hol der.
| f necessary, the punp may be turned on wth the coarse
adj ust val ve cl osed.

8.5.4 Wen the probe is in position, block off the
openi ngs around the probe and porthole to prevent
unrepresentative dilution of the gas stream

8.5.5 Traverse the stack cross-section, as required
by Method 1 or as specified by the Adm ni strator, being
careful not to bunp the probe nozzle into the stack walls
when sanpling near the walls or when renoving or inserting
the probe through the portholes; this mnimzes the chance
of extracting deposited materi al.

8.5.6 During the test run, make periodic adjustnents
to keep the tenperature around the filter holder at the
proper |level; add nore ice and, if necessary, salt to
mai ntain a tenperature of less than 20 °C (68 °F) at the
condenser/silica gel outlet. Also, periodically check the
| evel and zero of the manoneter.

8.5.7 If the pressure drop across the filter becones
too high, making isokinetic sanpling difficult to maintain,

the filter may be replaced in the mdst of the sanple run.
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It is recoomended that another conplete filter assenbly be
used rather than attenpting to change the filter itself.
Before a new filter assenbly is installed, conduct a |eak
check (see Section 8.4.3). The total PM wei ght shal
i nclude the summation of the filter assenbly catches.

8.5.8 A single train shall be used for the entire
sanpl e run, except in cases where sinultaneous sanpling is
required in two or nore separate ducts or at two or nore
different locations within the sanme duct, or in cases where
equi pnent failure necessitates a change of trains. |In al
other situations, the use of two or nore trains wll be
subject to the approval of the Adm nistrator.

NOTE: Wen two or nore trains are used, separate
anal yses of the front-half and (if applicable) inpinger
catches fromeach train shall be performed, unless identica
nozzl e sizes were used on all trains, in which case, the
front-half catches fromthe individual trains may be
conbi ned (as may the inpinger catches) and one anal ysis of
front-half catch and one anal ysis of inpinger catch may be
performed. Consult with the Admnistrator for details
concerning the cal culation of results when two or nore
trains are used.

8.5.9 At the end of the sanple run, close the coarse

adj ust val ve, renove the probe and nozzle fromthe stack,
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turn off the punp, record the final DGM neter readi ng, and
conduct a post-test |eak check, as outlined in Section
8.4.4. Also, |eak-check the pitot lines as described in
Met hod 2, Section 8.1. The lines nust pass this | eak check,
in order to validate the velocity head dat a.

8.6 Calculation of Percent |Isokinetic. Calculate
percent isokinetic (see Calculations, Section 12.11) to
determ ne whether the run was valid or another test run
should be made. |If there was difficulty in maintaining
i sokinetic rates because of source conditions, consult with
the Adm nistrator for possible variance on the isokinetic
rates.

8.7 Sanmpl e Recovery.

8.7.1 Proper cleanup procedure begins as soon as the
probe is renoved fromthe stack at the end of the sanpling
period. Allow the probe to cool.

8.7.2 Wen the probe can be safely handl ed, w pe off
all external PMnear the tip of the probe nozzle, and pl ace
a cap over it to prevent losing or gaining PM Do not cap
off the probe tip tightly while the sanpling train is
cooling down. This would create a vacuumin the filter
hol der, thereby drawing water fromthe inpingers into the
filter holder.

8.7.3 Before noving the sanple train to the cl eanup

site, renove the probe fromthe sanple train, w pe off the
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silicone grease, and cap the open outlet of the probe. Be
careful not to | ose any condensate that m ght be present.
Wpe off the silicone grease fromthe filter inlet where the
probe was fastened, and cap it. Renove the unbilical cord
fromthe last inpinger, and cap the inpinger. |If a flexible
line is used between the first inpinger or condenser and the
filter holder, disconnect the line at the filter hol der, and
| et any condensed water or liquid drain into the inpingers
or condenser. After wiping off the silicone grease, cap off
the filter holder outlet and inpinger inlet. Either ground-
gl ass stoppers, plastic caps, or serumcaps my be used to
cl ose these openi ngs.

8.7.4 Transfer the probe and filter-inpinger assenbly
to the cleanup area. This area should be clean and
protected fromthe wnd so that the chances of contam nating
or losing the sanple will be m nim zed.

8.7.5 Save a portion of the acetone used for cleanup
as a blank. Take 200 ml of this acetone directly fromthe
wash bottle being used, and place it in a glass sanple
cont ai ner | abel ed "acet one bl ank."

8.7.6 Inspect the train prior to and during
di sassenbly, and note any abnornmal conditions. Treat the
sanpl es as foll ows:

8.7.6.1 Container No. 1. Carefully renmove the filter

fromthe filter holder, and place it in its identified petri
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di sh container. Use a pair of tweezers and/or clean
di sposabl e surgical gloves to handle the filter. If it is
necessary to fold the filter, do so such that the PM cake is
inside the fold. Using a dry Nylon bristle brush and/or a
shar p- edged bl ade, carefully transfer to the petri dish any
PM and/or filter fibers that adhere to the filter hol der
gasket. Seal the container.

8.7.6.2 Container No. 2. Taking care to see that
dust on the outside of the probe or other exterior surfaces
does not get into the sanple, quantitatively recover PM or
any condensate fromthe probe nozzle, probe fitting, probe
liner, and front half of the filter holder by washing these
conponents with acetone and placing the wash in a gl ass
container. Deionized distilled water may be used instead of
acet one when approved by the Adm nistrator and shall be used
when specified by the Adm nistrator. In these cases, save a
wat er bl ank, and follow the Adm nistrator's directions on
analysis. Performthe acetone rinse as foll ows:

8.7.6.2.1 Carefully renove the probe nozzle. C ean
the inside surface by rinsing with acetone froma wash
bottl e and brushing with a Nylon bristle brush. Brush until
the acetone rinse shows no visible particles, after which

make a final rinse of the inside surface with acetone.
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8.7.6.2.2 Brush and rinse the inside parts of the
fitting with acetone in a simlar way until no visible
particles renain.

8.7.6.2.3 Rinse the probe liner with acetone by
tilting and rotating the probe while squirting acetone into
its upper end so that all inside surfaces will be wetted
Wi th acetone. Let the acetone drain fromthe |ower end into
the sanple container. A funnel (glass or polyethylene) may
be used to aid in transferring |iquid washes to the
container. Follow the acetone rinse with a probe brush.
Hol d the probe in an inclined position, squirt acetone into
the upper end as the probe brush is being pushed with a
tw sting action through the probe; hold a sanple container
underneath the | ower end of the probe, and catch any acetone
and particulate matter that is brushed fromthe probe. Run
the brush through the probe three tinmes or nore until no
visible PMis carried out with the acetone or until none
remains in the probe liner on visual inspection. Wth
stainl ess steel or other netal probes, run the brush through
in the above prescribed manner at |east six tinmes since
nmet al probes have small crevices in which particulate matter
can be entrapped. Rinse the brush wth acetone, and
guantitatively collect these washings in the sanple
container. After the brushing, make a final acetone rinse

of the probe.
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8.7.6.2.4 It is recormended that two people clean the
probe to mnimze sanple | osses. Between sanpling runs,
keep brushes clean and protected from contam nati on.

8.7.6.2.5 After ensuring that all joints have been
w ped clean of silicone grease, clean the inside of the
front half of the filter holder by rubbing the surfaces with
a Nylon bristle brush and rinsing with acetone. Rinse each
surface three tinmes or nore if needed to renove visible
particulate. Mke a final rinse of the brush and filter
hol der. Carefully rinse out the glass cyclone, also (if
applicable). After all acetone washings and particul ate
matter have been collected in the sanple container, tighten
the lid on the sanple container so that acetone will not
| eak out when it is shipped to the |aboratory. Mark the
hei ght of the fluid level to allow determ nati on of whether
| eakage occurred during transport. Label the container to
identify clearly its contents.

8.7.6.3 Container No. 3. Note the color of the
indicating silica gel to determ ne whether it has been
conpletely spent, and nake a notation of its condition.
Transfer the silica gel fromthe fourth inpinger to its
original container, and seal. A funnel may nake it easier
to pour the silica gel without spilling. A rubber policeman
may be used as an aid in renoving the silica gel fromthe

inpinger. It is not necessary to renove the small anount of
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dust particles that may adhere to the inpinger wall and are
difficult to renove. Since the gain in weight is to be used
for noisture calculations, do not use any water or other
liquids to transfer the silica gel. |If a balance is
available in the field, follow the procedure for Container
No. 3 in Section 11.2.3.

8.7.6.4 Inpinger Water. Treat the inpingers as
follows: Make a notation of any color or filmin the liquid
catch. Measure the liquid that is in the first three
inpingers to within 1 m by using a graduated cylinder or by
weighing it to within 0.5 g by using a balance. Record the
vol une or weight of liquid present. This information is
required to calculate the noisture content of the effluent
gas. Discard the liquid after measuring and recording the
vol une or weight, unless analysis of the inpinger catch is
required (see NOTE, Section 6.1.1.8). |If a different type
of condenser is used, neasure the anmount of noisture
condensed either volunetrically or gravimetrically.

8.8 Sanple Transport. Whenever possible, containers
shoul d be shipped in such a way that they remain upright at
all tines.

9.0 Quality Control.

9.1 M scellaneous Quality Control Measures.

Section Quality Control Measure Effect
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8.4, Sanpl i ng equi pnent | eak Ensures accurate

10.1-10.6 check and cali bration measur enent of stack
gas flow rate, sanple
vol ume

9.2 Volume Metering System Checks. The follow ng
procedures are suggested to check the volunme netering system
calibration values at the field test site prior to sanple
collection. These procedures are optional.

9.2.1 Meter Oifice Check. Using the calibration
data obtai ned during the calibration procedure described in
Section 10.3, determ ne the )Hg for the nmetering system
orifice. The )Hgis the orifice pressure differential in

units of in. HO that correlates to 0.75 cfmof air at

TM22
JHg = 0.0319 )H — M
I:)bar Y Vm

528 °R and 29.92 in. Hy. The )Hgis calculated as follows: where:
DJH = Average pressure differential across the

orifice meter, in. H,O.

Tm = Absolute average DGM tenperature, °R

P.ew = Baronetric pressure, in. Hg.

2 = Total sanpling time, mn.

Y = DGM calibration factor, dinensionless.

Vi = Volune of gas sanple as neasured by DGV dcf.
0.0319 = (0.0567 in. Hg/°R)(0.75 cfm?
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9.2.1.1 Before beginning the field test (a set of
three runs usually constitutes a field test), operate the
nmetering system(i.e., punp, volunme neter, and orifice) at
the )Hg pressure differential for 10 mnutes. Record the
vol unme collected, the DGV tenperature, and the baronetric
pressure. Calculate a DGM calibration check value, Y, as

foll ows:

y _ 10 0.0319 T_|;
¢ Vm I:)bar

wher e:

Y. = DGM calibration check val ue, dinensionless.

10 = Run tinme, mn.

9.2.1.2 Conpare the Y, value with the dry gas neter
calibration factor Y to determne that: 0.97Y < Y, < 1.03Y
If the Y, value is not wthin this range, the vol une
met eri ng system shoul d be investigated before begi nning the
t est.

9.2.2 Calibrated Critical Oifice. Acritical
orifice, calibrated against a wet test neter or spironeter
and designed to be inserted at the inlet of the sanpling
meter box, may be used as a check by follow ng the procedure
of Section 16. 2.

10.0 Calibration and Standardization.
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NOTE: Maintain a |aboratory log of all calibrations.

10.1 Probe Nozzle. Probe nozzles shall be calibrated
before their initial use in the field. Using a mcroneter,
measure the I D of the nozzle to the nearest 0.025 mm (0. 001
in.). Mke three separate neasurenents using different
di aneters each tinme, and obtain the average of the
measurenents. The difference between the high and | ow
nunbers shall not exceed 0.1 nm (0.004 in.). Wen nozzles
becone ni cked, dented, or corroded, they shall be reshaped,
shar pened, and recalibrated before use. Each nozzle shal
be permanently and uniquely identified.

10.2 Pitot Tube Assenbly. The Type S pitot tube
assenbly shall be calibrated according to the procedure
outlined in Section 10.1 of Method 2.

10.3 Metering System

10.3.1 Calibration Prior to Use. Before its initial
use in the field, the netering systemshall be calibrated as
follows: Connect the netering systeminlet to the outlet of
a wet test neter that is accurate to within 1 percent. Refer
to Figure 5-4. The wet test neter should have a capacity of
30 liters/rev (1 ft3rev). A spironeter of 400 liters (14
ft3®) or nore capacity, or equivalent, may be used for this
calibration, although a wet test neter is usually nore

practical. The wet test neter should be periodically



405

calibrated with a spironeter or a |liquid displacenent neter
to ensure the accuracy of the wet test neter. Spironeters
or wet test neters of other sizes may be used, provided that
the specified accuracies of the procedure are naintained.
Run the metering system punp for about 15 mnutes with the
orifice manoneter indicating a nmedian reading as expected in
field use to allow the punp to warmup and to permt the
interior surface of the wet test neter to be thoroughly
wetted. Then, at each of a mninmumof three orifice
manonet er settings, pass an exact quantity of gas through
the wet test nmeter and note the gas vol une indicated by the
DGM Al so note the baronetric pressure and the tenperatures
of the wet test neter, the inlet of the DGM and the outl et
of the DGM Sel ect the highest and | owest orifice settings
to bracket the expected field operating range of the
orifice. Use a mnimmvolune of 0.14 n? (5 ft3 at al
orifice settings. Record all the data on a formsimlar to
Figure 5-5 and calculate Y, the DGV cali bration factor, and
JHs the orifice calibration factor, at each orifice setting
as shown on Figure 5-5. Allowable tol erances for individual
Y and )Hg values are given in Figure 5-5. Use the average
of the Y values in the calculations in Section 12.0.

10.3.1.1 Before calibrating the netering system it
I's suggested that a | eak check be conducted. For netering

systens havi ng di aphragm punps, the normal | eak-check
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procedure will not detect |eakages within the punp. For
t hese cases the follow ng | eak-check procedure i s suggest ed:
make a 10-minute calibration run at 0.00057 n¥/ m n (0.020
cfm. At the end of the run, take the difference of the
measured wet test neter and DGM vol unmes. Divide the
difference by 10 to get the leak rate. The |eak rate should
not exceed 0.00057 n¥/ mn (0.020 cfm.

10.3.2 Calibration After Use. After each field use,
the calibration of the netering systemshall be checked by
performng three calibration runs at a single, internediate
orifice setting (based on the previous field test), wth the
vacuum set at the maxi num val ue reached during the test
series. To adjust the vacuum insert a valve between the
wet test neter and the inlet of the netering system
Cal cul ate the average value of the DGM calibration factor.
| f the val ue has changed by nore than 5 percent, recalibrate
the meter over the full range of orifice settings, as
detailed in Section 10. 3. 1.

NOTE: Alternative procedures (e.g., rechecking the
orifice neter coefficient) may be used, subject to the
approval of the Adm nistrator.

10. 3.3 Acceptable Variation in Calibration. |If the
DGM coef ficient val ues obtained before and after a test

series differ by nore than 5 percent, the test series shal
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ei ther be voided, or calculations for the test series shal
be performed using whichever neter coefficient value (1.e.,
before or after) gives the | ower value of total sanple
vol une.

10.4 Probe Heater Calibration. Use a heat source to
generate air heated to sel ected tenperatures that
approxi mate those expected to occur in the sources to be
sanpled. Pass this air through the probe at a typica
sanple flow rate while neasuring the probe inlet and outl et
tenperatures at various probe heater settings. For each air
tenperature generated, construct a graph of probe heating
system setting versus probe outlet tenperature. The
procedure outlined in APTD- 0576 can al so be used. Probes
constructed according to APTD 0581 need not be calibrated if
the calibration curves in APTD-0576 are used. Also, probes
with outlet tenperature nonitoring capabilities do not
require calibration.

NOTE: The probe heating system shall be calibrated
before its initial use in the field.

10.5 Tenperature Sensors. Use the procedure in
Section 10.3 of Method 2 to calibrate in-stack tenperature
sensors. Dial thernoneters, such as are used for the DGV
and condenser outlet, shall be calibrated agai nst nercury-

i n-gl ass thernoneters.



408

10.6 Baroneter. Calibrate against a nercury
bar onet er
11.0 Analytical Procedure.

11.1 Record the data required on a sheet such as the
one shown in Figure 5-6.

11.2 Handl e each sanpl e contai ner as foll ows:

11.2.1 Container No. 1. Leave the contents in the
shi pping container or transfer the filter and any | oose PM
fromthe sanple container to a tared gl ass wei ghing dish.
Desi ccate for 24 hours in a desiccator containing anhydrous
calciumsul fate. Wigh to a constant weight, and report the
results to the nearest 0.1 ng. For the purposes of this
section, the term "constant weight" nmeans a difference of no
nmore than 0.5 ng or 1 percent of total weight less tare
wei ght, whichever is greater, between two consecutive
wei ghings, with no I ess than 6 hours of desiccation tine
bet ween wei ghings. Alternatively, the sanple nmay be oven
dried at 104 °C (220 °F) for 2 to 3 hours, cooled in the
desi ccator, and weighed to a constant wei ght, unless
ot herw se specified by the Adm nistrator. The sanple may be
oven dried at 104 °C (220 °F) for 2 to 3 hours. Once the
sanpl e has cool ed, weigh the sanple, and use this weight as

a final weight.
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11.2.2 Container No. 2. Note the level of liquid in
the container, and confirmon the anal ysis sheet whet her
| eakage occurred during transport. |If a noticeable anmount
of | eakage has occurred, either void the sanple or use
met hods, subject to the approval of the Adm nistrator, to
correct the final results. Measure the liquid in this
container either volunetrically to £ 1 m or gravinetrically
to £ 0.5 g. Transfer the contents to a tared 250 ml beaker,
and evaporate to dryness at anbient tenperature and
pressure. Desiccate for 24 hours, and weigh to a constant
wei ght. Report the results to the nearest 0.1 ngy.

11.2.3 Container No. 3. Wigh the spent silica gel
(or silica gel plus inpinger) to the nearest 0.5 g using a
bal ance. This step may be conducted in the field.

11.2.4 Acetone Blank Container. Measure the acetone
in this container either volunetrically or gravinmetrically.
Transfer the acetone to a tared 250 m beaker, and evaporate
to dryness at anbient tenperature and pressure. Desiccate
for 24 hours, and weigh to a constant weight. Report the
results to the nearest 0.1 ny.

NOTE: The contents of Container No. 2 as well as the
acetone bl ank contai ner may be evaporated at tenperatures
hi gher than anmbient. |If evaporation is done at an el evated

tenperature, the tenperature nust be bel ow the boiling point
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of the solvent; also, to prevent "bunping," the evaporation
process nust be closely supervised, and the contents of the
beaker nust be swirled occasionally to nmaintain an even
tenperature. Use extrene care, as acetone is highly

fl ammabl e and has a | ow fl ash point.

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after the final calculation. Oher forns of the
equations may be used, provided that they give equival ent

results.

12.1 Nonencl at ur e.

A, = Cross-sectional area of nozzle, nt (ft?).

B, = Water vapor in the gas stream proportion by
vol une.

C. = Acetone bl ank residue concentration, ng/ng.

Cs = Concentration of particulate matter in stack

gas, dry basis, corrected to standard
conditions, g/dscm (gr/dscf).

I = Percent of isokinetic sanpling.

L, = Individual |eakage rate observed during the
| eak- check conducted prior to the first
conponent change, n¥/ mn (ft3/ mn)

L, = Maxi mum accept abl e | eakage rate for either a
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pretest |eak-check or for a |eak-check
foll ow ng a conponent change; equal to 0.00057
nt/mn (0.020 cfm or 4 percent of the average
sanpling rate, whichever is |ess.
| ndi vi dual | eakage rate observed during the
| eak- check conducted prior to the "ith"
conponent change (i =1, 2, 3...n), n¥/mn
(cfm.
Leakage rate observed during the post-test
| eak-check, nf/mn (cfnm).
Mass of residue of acetone after evaporation,
ng.
Total anmount of particulate matter coll ected,
ng.
Mol ecul ar wei ght of water, 18.0 g/g-nole (18.0
| b/ 1 b-rol e).
Baronetric pressure at the sanpling site, mm
Hg (in. Hg).
Absol ute stack gas pressure, mmHg (in. Hg).
St andard absol ute pressure, 760 nm Hg (29.92
in. Hg).
| deal gas constant, 0.06236
[(nm Hg) (n?)]/[(K) (g-nole)]
{21.85 [(in. HY(ft®]/[(°R (I b-nole)]}.

Absol ute average DGM tenperature (see Figure
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5-3), K (°R.
Absol ute average stack gas tenperature (see
Figure 5-3), K (°R).
Standard absol ute tenperature, 293 K (528 °R).
Vol ume of acetone blank, m.
Vol ume of acetone used in wash, m.
Total volume of liquid collected in inpingers
and silica gel (see Figure 5-6), nl.
Vol unme of gas sanpl e as neasured by dry gas
meter, dcm (dcf).
Vol unme of gas sanpl e neasured by the dry gas
meter, corrected to standard conditions, dscm
(dscf).
Vol unme of water vapor in the gas sanpl e,
corrected to standard conditions, scm (scf).
Stack gas velocity, calculated by Method 2,
Equation 2-7, using data obtained from
Met hod 5, misec (ft/sec).
Wei ght of residue in acetone wash, ny.
Dry gas neter calibration factor
Average pressure differential across the
orifice nmeter (see Figure 5-4), nmm H,0 (in.
H,0) .
Density of acetone, ng/m (see |abel on

bottle).
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Dy, = Density of water, 0.9982 g/ni
(0.002201 Ib/mM).

2 = Total sanpling time, mn.

2, = Sanpling tine interval, fromthe begi nning of
a run until the first conponent change, m n.

2, = Sanpling tine interval, between two successive
conponent changes, beginning with the interval
between the first and second changes, m n.

2, = Sanpling tine interval, fromthe final (nt")
conponent change until the end of the sanpling
run, mn.

13.6 = Specific gravity of mercury.

60 = Sec/mn.

100 = Conversion to percent.

12.2 Average Dry Gas Meter Tenperature and Average

Oifice Pressure Drop. See data sheet (Figure 5-3).

12.3 Dry Gas Volune. Correct the sanple vol une

nmeasured by the dry gas neter to standard conditions (20 °C,

760 mMm Hg or 68 °F, 29.92 in. Hg) by using Equation 5-1.

J)H
Tstd (Pbar 13 6)
med)::MﬂY TP :
m  std
5 . OH ) Eq. 5-1
v {136
=K V_Y -
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wher e:

K, = 0.3858 °K/ImmHg for netric units,

= 17.64 °R/in. Hg for English units.

NOTE: Equation 5-1 can be used as witten unless the
| eakage rate observed during any of the nmandatory | eak
checks (i.e., the post-test |eak check or |eak checks
conducted prior to conponent changes) exceeds L,. If L, or
L, exceeds L,, Equation 5-1 nust be nodified as foll ows:

(a) Case I. No conponent changes made during
sanpling run. In this case, replace V,in Equation 5-1 with
t he expression:

[Vm - (Ly - L) 2]

(b) Case Il. One or nore conponent changes nade

during the sanpling run. In this case, replace V,in

Equation 5-1 by the expression:

V_-(L,-L,) 2, - iﬁ;(l_i L) 2 - (L) 2

and substitute only for those | eakage rates (L; or L,) which
exceed L,.
12. 4 Vol unme of Water Vapor Condensed.

Y DWFQTﬂd
w( st d) lc "M P

w  std

Ky Vie

Eq. 5-2
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wher e:
K, = 0.001333 nm¥/m for netric units
= 0.04706 ft3mM for English units.

12.5 Moi sture Content.

\Y

B - W( st d) Eg. 5-3
" Vst Vigsta
NOTE: |In saturated or water droplet-|aden gas

streans, two cal culations of the noisture content of the
stack gas shall be made, one fromthe inpinger analysis
(Equation 5-3), and a second fromthe assunption of
saturated conditions. The |lower of the two val ues of B,
shal | be considered correct. The procedure for determ ning
the noi sture content based upon the assunption of saturated
conditions is given in Section 4.0 of Method 4. For the
purposes of this nmethod, the average stack gas tenperature
fromFigure 5-3 may be used to nmake this determ nation
provi ded that the accuracy of the in-stack tenperature
sensor is = 1°C (2°F).

12. 6 Acetone Bl ank Concentrati on.

Eq. 5-4

12.7 Acetone Wash Bl ank.
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W = G Ve Da Eq. 5-5

12.8 Total Particulate Weight. Determ ne the total
particul ate matter catch fromthe sum of the weights
obtai ned from Containers 1 and 2 | ess the acetone bl ank (see
Fi gure 5-6).

NOTE: In no case shall a blank value of greater than
0. 001 percent of the weight of acetone used be subtracted
fromthe sanple weight. Refer to Section 8.5.8 to assist in
cal culation of results involving two or nore filter

assenblies or two or nore sanpling trains.
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Parti cul ate Concentrati on.

c, = —1 Eq. 5-6

wher e:

K =

0.001 g/ng for netric units.

0.0154 gr/nmg for English units.

12. 10 Conversi on Factors:

From T_O NUltlDIV bV
fte ny 0. 02832
gr ng 64. 80004
gr/ft3 ng/ n¥ 2288. 4
my g 0. 001
gr I b 1.429 x 10*
12.11 Isokinetic Variation.
12.11.1 Calculation from Raw Dat a
(VoY) )H
100 Ts K4 Vlc * -rl-nm I:)bar * m Eq- 5-7
) 60 2 v_ P_A
wher e:
K, = 0.003454 [(mm Hg) (n¥)]/[(mM)(°K)] for netric
units,
= 0.002669 [(in. HY) (ft3]/[(mM)(°R] for English
units.
12.11.2 Calculation from I nternedi ate Val ues.
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_ Ts Vn(std) I:)std 100

TiqVs 2A, P, 60 (1-B)

Ts Vn( std)

- P.v.A 2(1-B,) Eq. 5-8

wher e:
Ks = 4.320 for netric units,
= 0.09450 for English units.

12.11.3 Acceptable Results. If 90 percent <1 < 110
percent, the results are acceptable. |If the PMresults are
low in conparison to the standard, and "I" is over 110
percent or |ess than 90 percent, the Adm nistrator may opt
to accept the results. Reference 4 in Section 17.0 may be
used to make acceptability judgnents. If "I" is judged to
be unacceptable, reject the results, and repeat the
sanpling run

12.12 Stack Gas Velocity and Volunetric Fl ow Rate.
Cal cul ate the average stack gas velocity and volunetric fl ow
rate, if needed, using data obtained in this nethod and the
equations in Sections 12.3 and 12.4 of Method 2.

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]

16.0 Alternative Procedures.
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16.1 Dry Gas Meter as a Calibration Standard. A DGV
may be used as a calibration standard for vol une
measurenents in place of the wet test neter specified in
Section 10.3, provided that it is calibrated initially and
recal i brated periodically as foll ows:

16.1.1 Standard Dry Gas Meter Calibration.

16.1.1.1. The DGMto be calibrated and used as a
secondary reference nmeter should be of high quality and have
an appropriately sized capacity [e.g., 3 liters/rev (0.1
ft3rev)]. A spironeter [400 liters (14 ft3 or nore
capacity], or equivalent, may be used for this calibration,
al though a wet test nmeter is usually nore practical. The
wet test neter should have a capacity of 30 liters/rev
(1 ft3/rev) and capabl e of neasuring volune to within 1.0
percent. Wet test neters should be checked agai nst a
spironeter or a |iquid displacenent neter to ensure the
accuracy of the wet test neter. Spironeters or wet test
meters of other sizes may be used, provided that the
speci fied accuracies of the procedure are naintai ned.

16.1.1.2 Set up the conponents as shown in
Figure 5-7. A spironeter, or equivalent, may be used in
pl ace of the wet test neter in the system Run the punp for
at least 5 mnutes at a flowrate of about 10 liters/mn

(0.35 cfm to condition the interior surface of the wet test
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meter. The pressure drop indicated by the nanoneter at the
inlet side of the DGV should be m nim zed [no greater than
100 M H,O (4 in. HO at a flowrate of 30 liters/mn (1
cfm]. This can be acconplished by using |arge dianeter
t ubi ng connections and straight pipe fittings.

16.1.1.3 Collect the data as shown in the exanple
data sheet (see Figure 5-8). Make triplicate runs at each
of the flowrates and at no less than five different flow
rates. The range of flow rates should be between 10 and
34 liters/mn (0.35 and 1.2 cfm or over the expected
operating range.

16.1.1.4 Calculate flowrate, Q for each run using
the wet test neter volune, V,, and the run tine, 2.
Cal cul ate the DGM coefficient, Yg,, for each run. These

cal cul ations are as foll ows:

P V.
Q _ Kl ar w
(T, ~ T..) 2 Eq. 5-9

Vw (Tds * Tstd) I:)bar

Yds = )p

Vds (Tw * Tstd)(Pbar * 13. 6) Eq- 5_10
wher e:
Ky = 0.3858 °CmmHg for nmetric units

17.64 °F/in. Hg for English units.
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V., = Wet test neter volunme, liter (ft?3).

Vo = Dry gas neter volune, liter (ft?3).

Tss = Average dry gas neter tenperature, °C (°F).
Tagg = 273 °C for netric units

= 460 °F for English units.

T, = Average wet test neter tenperature, °C (°F)
Poow = Baronetric pressure, mmHg (in. Hg).
)p = Dry gas neter inlet differential pressure,

mm H,O (in. HO.

2 = Run time, mn.

16.1.1.5 Conpare the three Yy, values at each of the
flow rates and determ ne the maxi nrum and m ni num val ues.
The difference between the maxi rum and m ni nrum val ues at
each flow rate should be no greater than 0.030. Extra sets
of triplicate runs nay be made in order to conplete this
requirenent. In addition, the neter coefficients should be
between 0.95 and 1.05. |If these specifications cannot be
met in three sets of successive triplicate runs, the neter
is not suitable as a calibration standard and shoul d not be
used as such. |If these specifications are net, average the
three Y, values at each flowrate resulting in no | ess than
five average neter coefficients, Y.

16.1.1.6 Prepare a curve of neter coefficient, Y,

versus flowrate, Q for the DGM This curve shall be used
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as a reference when the neter is used to calibrate other
DGVs and to determ ne whether recalibration is required.

16.1.2 Standard Dry Gas Meter Recalibration.

16.1.2.1 Recalibrate the standard DGV agai nst a wet
test neter or spironmeter annually or after every 200 hours
of operation, whichever conmes first. This requirenent is
valid provided the standard DGMis kept in a | aboratory and,
if transported, cared for as any other |aboratory
instrunment. Abuse to the standard neter may cause a change
in the calibration and will require nore frequent
recal i brations.

16.1.2.2 As an alternative to full recalibration, a
t wo- poi nt calibration check may be made. Follow the sane
procedure and equi pnent arrangenent as for a ful
recalibration, but run the neter at only two flow rates
[ suggested rates are 14 and 30 liters/mn (0.5 and 1.0
cfm]. Calculate the nmeter coefficients for these two
points, and conpare the values with the neter calibration
curve. |If the two coefficients are wwthin 1.5 percent of
the calibration curve values at the sane flow rates, the
meter need not be recalibrated until the next date for a
recal i bration check.

16.2 Critical Oifices As Calibration Standards.
Critical orifices may be used as calibration standards in

pl ace of the wet test meter specified in Section 16.1
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provi ded that they are selected, calibrated, and used as
fol |l ows:

16.2.1 Selection of Critical Oifices.

16.2.1.1 The procedure that foll ows describes the use
of hypoderm c needl es or stainless steel needl e tubings
whi ch have been found suitable for use as critical orifices.
QO her materials and critical orifice designs may be used
provided the orifices act as true critical orifices (i1.e., a
critical vacuum can be obtained, as described in Section
16.2.2.2.3). Select five critical orifices that are
appropriately sized to cover the range of flow rates between
10 and 34 liters/mn (0.35 and 1.2 cfm or the expected
operating range. Two of the critical orifices should
bracket the expected operating range. A mninmmof three
critical orifices will be needed to calibrate a Method 5
DGM the other two critical orifices can serve as spares and
provi de better selection for bracketing the range of
operating flow rates. The needle sizes and tubing | engths
shown in Table 5-1 in Section 18.0 give the approxi mate fl ow
rates.

16.2.1.2 These needles can be adapted to a Method 5
type sanpling train as follows: Insert a serumbottle

stopper, 13 by 20 mm sl eeve type, into a % inch Swagel ok (or
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equi val ent) quick connect. Insert the needle into the
st opper as shown in Figure 5-9.

16.2.2 Critical Oifice Calibration. The procedure
described in this section uses the Method 5 neter box
configuration with a DGV as described in Section 6.1.1.9 to
calibrate the critical orifices. Qher schenes may be used,
subject to the approval of the Adm nistrator.

16.2.2.1 Calibration of Meter Box. The critical
orifices nmust be calibrated in the sanme configuration as
they will be used (i1.e., there should be no connections to
the inlet of the orifice).

16.2.2.1.1 Before calibrating the neter box, |eak
check the systemas follows: Fully open the coarse adj ust
val ve, and conpletely close the by-pass valve. Plug the
inlet. Then turn on the punp, and determ ne whether there
is any | eakage. The | eakage rate shall be zero (i.e., no
det ect abl e novenent of the DGM dial shall be seen for 1
m nute) .

16.2.2.1.2 Check also for |eakages in that portion of
the sanpling train between the punp and the orifice neter.
See Section 8.4.1 for the procedure; make any corrections,
if necessary. |If |eakage is detected, check for cracked
gaskets, loose fittings, worn O-rings, etc., and nake the

necessary repairs.
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16.2.2.1.3 After determning that the neter box is
| eakl ess, calibrate the nmeter box according to the procedure
given in Section 10.3. Make sure that the wet test neter
nmeets the requirenents stated in Section 16.1.1.1. Check
the water level in the wet test neter. Record the DGM
calibration factor, Y.

16.2.2.2 Calibration of Critical Oifices. Set up
t he apparatus as shown in Figure 5-10.

16.2.2.2.1 Alowa warmup tinme of 15 mnutes. This
step is inmportant to equilibrate the tenperature conditions
t hrough the DGM

16.2.2.2.2 Leak check the systemas in Section
16.2.2.1.1. The | eakage rate shall be zero.

16.2.2.2.3 Before calibrating the critical orifice,
determine its suitability and the appropriate operating
vacuum as follows: Turn on the punp, fully open the coarse
adj ust val ve, and adjust the by-pass valve to give a vacuum
readi ng correspondi ng to about half of atnospheric pressure.
bserve the neter box orifice manoneter reading, )H Slowy
i ncrease the vacuumreading until a stable reading is
obtained on the neter box orifice manoneter. Record the
critical vacuumfor each orifice. Oifices that do not

reach a critical value shall not be used.
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16.2.2.2.4 (Obtain the baronetric pressure using a
baroneter as described in Section 6.1.2. Record the
baronmetric pressure, Py, in mmHg (in. Hg).

16.2.2.2.5 Conduct duplicate runs at a vacuum of 25
to 50 mmHg (1 to 2 in. Hg) above the critical vacuum The
runs shall be at least 5 m nutes each. The DGM vol une
readi ngs shall be in increnents of conplete revolutions of
the DGM As a guideline, the tines should not differ by
nmore than 3.0 seconds (this includes all owance for changes
in the DGMtenperatures) to achieve = 0.5 percent in K (see
Eq. 5-11). Record the information listed in Figure 5-11

16.2.2.2.6 Calculate K wusing Equation 5-11

)H
Kl Vm Y (Pbar * m) -I—ar‘r‘ol/2
K'= :
P Tr2 Eq. 5-11
wher e:
K = Critical orifice coefficient, [nf)(°K)"/

[(rm Hg) (min)] {[(fFt3)(°R]/[(in. Hg)(mn)]}.
T.n, = Absolute anbient tenperature, °K (°R).
Cal cul ate the arithmetic nean of the K values. The
i ndi vidual K values should not differ by nore than 0.5
percent fromthe nmean val ue.
16.2.3 Using the Critical Orifices as Calibration
St andar ds.

16.2.3.1 Record the baronetric pressure.
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16.2.3.2 Calibrate the netering systemaccording to
the procedure outlined in Section 16.2.2. Record the
information listed in Figure 5-12.
16.2.3.3 Calculate the standard vol unmes of air passed
t hrough the DGM and the critical orifices, and cal cul ate the

DGM cal i bration factor, Y, using the equations bel ow

H

K V_|P H

v ~ 01 Y| ar +(13.6)) Eq. 5-12

mstd) Tm
P 1
_ b Eq. 5-13
Vcr(std) - Kl -Ié_lf 9
anb
Y = @ Eq. 5-14
Vnmd)

wher e:

Verstgy = Vol unme of gas sanpl e passed through the
critical orifice, corrected to standard
condi tions, dscm (dscf).

K, = 0.3858 K/mmHg for nmetric units

= 17.64 °R/in. Hg for English units.
16.2.3.4 Average the DGM calibration values for each
of the flowrates. The calibration factor, Y, at each of
the flow rates should not differ by nore than £ 2 percent

fromthe average.
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16.2.3.5 To determ ne the need for recalibrating the
critical orifices, conpare the DGMY factors obtained from
two adjacent orifices each tine a DGMis calibrated; for
exanpl e, when checking orifice 13/2.5, use orifices 12/10.2
and 13/5.1. If any critical orifice yields a DGMY factor
differing by nore than 2 percent fromthe others,
recalibrate the critical orifice according to
Section 16. 2. 2.
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18.0 Tables, Diagrams, Flowcharts, and Validation Data.

TABLE 5-1. FLOW RATES FOR VARIOUS NEEDLE SI1ZES AND TUBE

LENGTHS.

Flow rate Flow rate

Gauge/cm liters/mn. Gauge/cm liters/mn
12/ 7.6 32. 56 14/ 2.5 19. 54
12/10.2 30. 02 14/ 5.1 17. 27
13/ 2.5 25.77 14/ 7.6 16. 14
13/5.1 23.50 15/ 3.2 14. 16
13/ 7.6 22. 37 15/ 7.6 11.61

13/ 10. 2 20. 67 15/ 10. 2 10. 48
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Plant
Date

Run No.

Filter No.

Amount liquid lost during transport
Acetone blank volume, ml

Acetone blank concentration, mg/mg (Equation 5-4)

Acetone wash blank, mg (Equation 5-5)

Contailner Weight of particulate collected, mg
number Final weight | Tare weight | Weight gain
1.
2.
Total
Less
acetone blank
Weight of particulate
matter
Volume of liquid water collected
Impinger volume, | Silica gel weight,
ml g
Final ... ___...
Initial......_.
Liquid collected
Total volume
collected. ... g’ ml

“Convert weight of water to volume by dividing total weight
increase by density of water (1 g/ml).

| ncrease, ¢

= Vol une water, ni
(1g/ M) }

Figure 5-6. Analytical Data Sheet.
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Meter Box

Ciritical Orifice

Figure 5-10. Apparatus Setup.
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Date
Train 1D
DGM cal. factor
Critical orifice ID
Dry gas meter Run number
1 2
Final reading.......... IR @ it 55 J B I
Initial reading........ IR @ it 55 J B I
Difference, V,......... IR @ it 55 J B I
Inlet/Outlet
temperatures: °C(CR).a..... / /
Initial ... ... ........ °C(CF)....... / /
RGN (G =5 T [
Final . ... ... .. ..... min/sec....... / /
. (111 1 U [ R
Avg. Temperature,
T,
TIME, e e e e e e ees

Orifice man. rdg., aH..
Bar. pressure, Py, ----
Ambient temperature,
tamb
Pump vacuum............
K* factor..............
Average..............

mm (in.) H,0..
mm (in.) Hg...
°C(CF)aa.....
mm(in.) Hg...

Data sheet for determining K® factor.
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Train 1D

Critical orifice ID

Critical orifice K" factor

Dry gas meter

Run number

1 2
Final reading (1R @ i ) T IR
Initial reading (1R @ i ) T IR
Difference, V, . . . . . . Im @& . . . || ----.
Inlet/outlet temperatures: °C (°F) / /
Initial °C (°F) / /
Final - - - - RCRN G = TN A I
Avg. Temperature, t, min/sec . / /
Time, - - - - min . . . o o o - | e | aaans
Orifice man. rdg., aH min . . . . o o o o | eaeaa ] aaann
Bar. pressure, P, - - mm (in.) H,O . . o | coo. | caa..
Ambient temperature, t,, mm (in.) HQ - - . - | oo | ----.
Pump vacuum . - - CCCFR) - o o oo e ] e
Vincstdy mm (in.) Hg . . . - | cooa | oo
Vcr(std) = = = = = = m3 (fts) ----------
DGM cal. factor, ¥ . . . . Im® (Ff®) . . . . | oo | oo

me (Ft2)

Figure 5-12. Data sheet

for determining DGM Y Factor.



Method 23 - Deter mination of Polychlorinated Dibenzo-p-dioxinsand
Polychlorinated Dibenzofurans from Municipal Waste Combustors

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. Thismethod is gpplicable to the determination of emissions of
polychlorinated dibenzo-p-dioxins (PCDD's) and polychlorinated dibenzofurans (PCDF's) from
stationary sources.

1.2 Principle. A sampleiswithdrawn isokineticaly from the gas stream and collected in the
sample probe, on a glass fiber filter, and on a packed column of adsorbent materid. The sample
cannot be separated into a particle and vapor fraction. The PCDD's and PCDF's are extracted from
the sample, separated by high resolution gas chromatography (HRGC), and measured by high
resolution mass spectrometry (HRMS).

2. APPARATUS

2.1 Sampling. A schematic of the sampling train is shown in Figure 23-1. Sedling greases
may not be used in assembling the train. Thetrain isidentica to that described in Section 2.1 of
Method 5 of this gppendix with the following additions:

2.1.1 Nozzle. The nozzle shdl be made of nickd, nickd-plated Stainless sted, quartz, or
boroslicate glass.

2.1.2 Sample Transfer Lines. The sampletransfer lines, if needed, shal be hesat traced,
heavy walled TFE (Y2in. OD with 1/8 in. wal) with connecting fittings that are capable of forming lesk-
free, vacuum-tight connections without using sedling greases. The line shall be as short as possible and
must be maintained at 120°C.

2.1.1 Filter Support. Teflon or Teflon-coated wire.

2.1.2 Condenser. Glass, cail type with compatiblefittings. A schemétic diagram is shown in
Figure 23-2.

2.1.3 Water Bath. Thermodaticaly controlled to maintain the gas temperature exiting the
condenser at 20°C (68°F).

2.1.4 Adsorbent Module. Glass container to hold the solid adsorbent. A schematic diagram
isshown in Figure 23-2. Other physical configurations of the resin trgp/condenser assembly are
acceptable. The connecting fittings shdl form lesk-free, vacuum tight sedls. No sedant greases shdl be
used in the sampling train. A coarse glassfrit isincluded to retain the adsorbent.



2.2 Sample Recovery.

2.2.1 Fitting Caps. Ground glass, Teflon tape, or duminum foil (Section 2.2.6) to cgp off the
sample exposed sections of the train and sorbent module.
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2.2.2 Wash Bottles. Teflon, 500-mL.

2.2.3 Probe Liner, Probe Nozzle, and Filter Holder Brushes. Inert bristle brusheswith
precleaned gainless sted or Teflon handles. The probe brush shal have extensions of stainless sted or
Teflon, a least aslong as the probe. The brushes shall be properly szed and shaped to brush out the
nozzle, probe liner, and transfer line, if used.

2.2.4 Filter Storage Container. Sealed filter holder, wide-mouth amber glassjar with
Teflon-lined cap, glass petri dish.

2.2.5 Balance. Triple beam.

2.2.6 Aluminum Foil. Heavy duty, hexane-rinsed.

2.2.7 Metal Storage Container. Air tight container to sore slicagd.
2.2.8 Graduated Cylinder. Glass, 250-mL with 2-mL graduations.

2.2.9 Glass Sample Storage Containers. Amber glass bottles for sample glassware
washes, 500- or 1000-mL., with leak free Teflon-lined caps.

2.3 Analysis.

2.3.1 Sample Containers. 125- and 250-mL flint glass bottles with Teflon-lined caps.
2.3.2 Test Tubes. Glass.

2.3.3 Soxhlet Extraction Apparatus. Capable of holding 43 x 123 mm extraction thimbles.
2.3.4 Extraction Thimble. Glass, precleaned cellulosic, or glass fiber.

2.3.5 Pasteur Pipettes. For preparing liquid chromatographic columns.

2.3.6 Reacti-vials. Amber glass, 2-mL, sllanized prior to use.

2.3.7 Rotary Evaporator. Buchi/Brinkman RF121 or equivaent.

2.3.8 Nitrogen Evaporative Concentrator. N-Evap Analytica Evaporator Mode 111 or
equivaent.

2.3.9 Separatory Funnels. Glass, 2-liter.

2.3.10 GasChromatograph. Consdting of the following components:



2.3.10.1 Oven. Cgpable of maintaining the separation column at the proper operating
temperature +10°C and performing programmed increases in temperature at rates of a least 40°C/min.

2.3.10.2 Temperature Gauges. To monitor column oven, detector, and exhaust
temperatures +1°C.

2.3.10.3 Flow Systems. Gas metering system to measure sample, fudl, combustion gas, and
carier gasflows.

2.3.10.4 Capillary Columns. A fused slicacolumn, 60 x 0.25 mm ingde diameter (1D),
coated with DB-5 and a fused slica column, 30 m x 0.25 mm ID coated with DB-225. Other column
systems may be substituted provided that the user is able to demongtrate, using calibration and
performance checks, that the column system is able to meet the specifications of Section 6.1.2.2.

2.3.11 Mass Spectrometer. Capable of routine operation at aresolution of 1:10000 with a
dability of +5 ppm.

2.3.12 Data System. Compatible with the mass spectrometer and capable of monitoring at
least five groups of 25 ions.

2.3.13 Analytical Balance. To measure within 0.1 mg.

3. REAGENTS
3.1 Sampling.

3.1.1 Filters. Glassfiber filters, without organic binder, exhibiting at least 99.95 percent
efficiency (<0.05 percent penetration) on 0.3-micron dioctyl phthalate smoke particles. Thefilter
efficiency test shal be conducted in accordance with ASTM Standard Method D 2986-71
(Reapproved 1978) (incorporated by reference - see §60.17).

3.1.1.1 Precleaning. All filters shdl be cleaned before ther initid use. Place aglass
extraction thimble and 1 g of slicagd and aplug of glasswoal into a Soxhlet apparatus, charge the
gpparatus with toluene, and reflux for aminimum of 3 hours. Remove the toluene and discard it, but
retain the slicage. Place no more than 50 filtersin the thimble onto the silicagd bed and top with the
cleaned glasswoal. Charge the Soxhlet with toluene and reflux for 16 hours. After extraction, alow
the Soxhlet to cool, remove the filters, and dry them under a clean nitrogen (N,) stream. Storethe
filtersin a glass petri dish seded with Teflon tape.

3.1.2 Adsorbent Resin. Amberlite XAD-2 resin. Thoroughly cleaned before initid use.



3.1.2.1 Cleaning. Procedure may be carried out in agiant Soxhlet extractor. An al-glass
filter thimble containing an extra-coarse frit is used for extraction of XAD-2. Thefrit isrecessed 10-15
mm above a crendated ring a the bottom of the thimble to facilitate drainage. The resn must be
carefully retained in the extractor cup with a glass wool plug and a stainless sted ring because it floats
on methylene chloride. This process involves sequentid extraction in the following order.

Solvent Procedure
Water Initid Rinse: Place resin in a beaker, rinse once with water, and
discard. Fill with water, let tand overnight, and discard.
Water Extract with water for 8 hours.
Methanol Extract for 22 hours.
Methylene Chloride  Extract for 22 hours.
Toluene Extract for 22 hours.
3.1.2.2 Drying.

3.1.2.2.1 Drying Column. Pyrex pipe, 10.2 cm ID by 0.6 m long, with suitable retainers.

3.1.2.2.2 Procedure. The adsorbent must be dried with clean inert gas. Liquid nitrogen from
adandard commercid liquid nitrogen cylinder has proven to be a rdliable source for large volumes of
gas free from organic contaminants. Connect the liquid nitrogen cylinder to the column by alength of
cleaned copper tubing, 0.95 cm ID, coiled to pass through a heat source. A convenient heat sourceis
awater-bath heated from asteam line. Thefina nitrogen temperature should only be warm to the
touch and not over 40°C. Continue flowing nitrogen through the adsorbent until al the residua solvent
isremoved. The flow rate should be sufficient to gently agitate the particles, but not so excessve asto
cause the particles to fracture.

3.1.2.3 Quality Control Check. The adsorbent must be checked for residual toluene prior to
use.

3.1.2.3.1 Extraction. Weigha1.0 g sample of dried resn into asmdl vid, add 3 mL of
toluene, cgp the vid, and shake it well.

3.1.2.3.2 Analysis. Inject a2 :| sample of the extract into a gas chromatograph operated
under the following conditions:

Column: 6 ft x 1/8in stainless stedl containing 10 percent  OV-101™ on 100/120
Supel coport.

Carier Gas Helium a arate of 30 mL/min.

Detector: Flame ionization detector operated at a senditivity of 4 x 10-'* A/mV.,
Injection Port Temperature: 250°C.

Detector Temperature: 305°C.



Oven Temperature: 30°C for 4 min; programmed to rise at 40°C/min until it reaches 250°C;
return to 30°C after 17 minutes.

Compare the results of the analysis to the results from the reference solution. Prepare the
reference solution by injecting 2.5 :1 of methylene chloride into 100 mL of toluene. This corresponds
to 100 :-g of methylene chloride per g of adsorbent. The maximum acceptable concentration is
1000 :g/g of adsorbent. If the adsorbent exceeds thisleve, drying must be continued until the excess
methylene chloride is removed.

3.1.2.4 Storage. The adsorbent must be used within 4 weeks of cleaning. After cleaning, the
adsorbent may be stored in a wide mouth amber glass container with a Teflon-lined cap or placed in
glass adsorbent modulestightly sealed with glass stoppers.  If precleaned adsorbent is purchased in
sealed containers, it must be used within 4 weeks after the sedl is broken.

3.1.3 GlassWool. Cleaned by sequentid immersion in three diquots of methylene chloride,
dried in a110°C oven, and stored in a methylene chloride-washed glass container with a Teflon-lined
screw cap.

3.1.4 Water. Deonized didtilled and stored in a methylene chloride-rinsed glass container
with a Teflon-lined screw cap.

3.1.5 SilicaGdl. Indicating type, 6 to 16 mesh. If previoudy used, dry at 175° C (350°F)
for two hours. New dlicagd may be used asreceived. Alternatively, other types of desiccants
(equivaent or better) may be used, subject to the approval of the Administrator.

3.1.6 Chromic Acid Cleaning Solution. Dissolve 20 g of sodium dichromate in 15 mL of
water, and then carefully add 400 mL of concentrated sulfuric acid.

3.2 Sample Recovery.

3.2.1 Acetone. Pedticide qudity.

3.2.2 Methylene Chloride. Pedticide qudlity.

3.2.3 Toluene. Pesticide qudlity.

3.3 Analysis.

3.3.1 Potassum Hydroxide. ACS grade, 2-percent (weight/volume) in water.
3.3.2 Sodium Sulfate. Granulated, reagent grade. Purify prior to use by rinang with

methylene chloride and oven drying. Store the cleaned materid in a glass container with a Teflon-lined
screw cap.



3.3.3 Sulfuric Acid. Reagent grade.

3.3.4 Sodium Hydroxide. 1.0 N. Weigh 40 g of sodium hydroxide into a 1-liter volumetric
flask. Diluteto 1 liter with weter.

3.3.5 Hexane. Pedticide grade.

3.3.6 Methylene Chloride. Pesticide grade.
3.3.7 Benzene. Pedticide grade.

3.3.8 Ethyl Acetate.

3.3.9 Methanol. Pesticide grade.

3.3.10 Toluene. Pesticide grade.

3.3.11 Nonane. Pedticide grade.

3.3.12 Cyclohexane. Pesticide Grade.

3.3.13 Basic Alumina. Activity grade 1, 100-200 mesh. Prior to use, activate the dumina
by heeting for 16 hours at 130°C. Storein adesiccator. Pre-activated aluminamay be purchased
from a supplier and may be used as received.

3.3.14 Silica Gel. Bio-SI A, 100-200 mesh. Prior to use, activate the silicagel by heeting
for a least 30 minutes at 180°C. After cooling, rinse the slica gd sequentialy with methanol and
methylene chloride. Hesat therinsed sllicagd a 50°C for 10 minutes, then increase the temperature
gradudly to 180°C over 25 minutes and maintain it a this temperature for 90 minutes. Cool a room
temperature and store in a glass container with a Teflon-lined screw cap.

3.3.15 Silica Gd Impregnated with Sulfuric Acid. Combine 100 g of slicagd with 44 g of
concentrated sulfuric acid in a screw capped glass bottle and agitate thoroughly. Disperse the solids
with adtirring rod until a uniform mixtureis obtained. Store the mixture in aglass container with a
Teflon-lined screw cap.

3.3.16 Slica Gel Impregnated with Sodium Hydroxide. Combine 39 g of 1 N sodium
hydroxide with 100 g of silicagel in ascrew capped glass bottle and agitate thoroughly. Disperse
solidswith adtirring rod until a uniform mixture is obtained. Store the mixture in glass contaner with a
Teflon-lined screw cap.



3.3.17 Carbon/Céelite. Combine 10.7 g of AX-21 carbon with 124 g of Cedlite 545 in a 250-
mL glass bottle with a Teflon-lined screw cap.  Agitate the mixture thoroughly until a uniform mixture is
obtained. Storein the glass container.

3.3.18 Nitrogen. Ultrahigh purity.
3.3.19 Hydrogen. Ultrahigh purity.

3.3.20 Internal Standard Solution. Prepare a stock standard solution containing the
isotopicaly labeled PCDD's and PCDF's at the concentrations shown in Table 1 under the heading
"Internal Standards’ in 10 mL of nonane.

3.3.21 Surrogate Standard Solution. Prepare a stock standard solution containing the
isotopicaly labeled PCDD's and PCDF's at the concentrations shown in Table 1 under the heading
"Surrogate Standards' in 10 mL of nonane.

3.3.22 Recovery Standard Solution. Prepare astock standard solution containing the
isotopicaly labeled PCDD's and PCDF's a the concentrations shown in Table 1 under the heading
"Recovery Standards’ in 10 mL of nonane.

4. PROCEDURE

4.1 Sampling. The complexity of this method is such that, in order to obtain reidble results,
testers and andysts should be trained and experienced with the procedures.

4.1.1 Pretest Preparation.

4.1.1.1 Cleaning Glassware. All glass components of the train upsiream of and including the
adsorbent module, shall be cleaned as described in Section 3A of the "Manua of Andyticad Methods
for the Analyds of Pesticides in Human and Environmental Samples” Specid care shdl be devoted to
the remova of resdud slicone grease sealants on ground glass connections of used glassware. Any
resdue shal be removed by soaking the glassware for severd hoursin a chromic acid cleaning solution
prior to cleaning as described above.

4.1.1.2 Adsorbent Trap. Thetrgps must beloaded in a clean areato avoid contamination.
They may not beloaded in the field. Fill atrap with 20 to 40 g of XAD-2. Follow the XAD-2 with
glass wool and tightly cap both ends of thetrap. Add 100 :| of the surrogate standard solution
(Section 3.3.21) to each trap.

4.1.1.3 Sampling Train. Itissuggested that dl components be maintained according to the
procedure described in APTD-0576.

4.1.1.4 Silica Gel. Weigh saverd 200 to 300 g portions of slicagd in arr tight containersto
the nearest 0.5 g. Record the total weight of the sillicagd plus container, on each container. Asan



dterndtive, the dlicage may be weighed directly in itsimpinger or sampling holder just prior to
sampling.

4.1.1.5 Filter. Check each filter againg light for irregularities and flaws or pinhole legks.
Pack thefiltersflat in a clean glass container.

4.1.2 Preliminary Determinations. Same as Section 4.1.2 of Method 5.
4.1.3 Preparation of Collection Train.

4.1.3.1 During preparation and assembly of the sampling train, keep al train openings where
contamination can enter, sedled until sampling is about to begin.

4.1.3.2 Place gpproximately 100 mL of water in the second and third impingers, leave the first
and fourth impingers empty, and trandfer gpproximately 200 to 300 g of preweighed slicagd from its
container to the fifth impinger.

4.1.3.3 Placetheslicagd container in aclean placefor later use in the sample recovery.
Alterndively, the weight of the slicagd plus the fifth impinger may be determined to the nearest 0.5 g
and recorded.

4.1.3.4 Assemble the sampling train as shown in Figure 23-1.

4.1.3.5 Turn on the adsorbent module and condenser coil recirculating pump and begin
monitoring the adsorbent module gas entry temperature. Ensure proper sorbent gas entry temperature
before proceeding and before sampling isinitiated. It is extremely important that the X AD-2 adsorbent
resin temperature never exceed 50°C because therma decompostion will occur. During testing, the
XAD-2 temperature must not exceed 20°C for efficient capture of the PCDD's and PCDF's.

4.1.4 Leak-Check Procedure. SameasMethod 5, Section 4.1.4.
4.1.5 Sampling Train Operation. Same as Method 5, Section 4.1.5.

4.2 Sample Recovery. Proper cleanup procedure begins as soon as the probe is removed
from the stack at the end of the sampling period. Sedl the nozzle end of the sampling probe with Teflon
tape or duminum fail.

When the probe can be safdly handled, wipe off dl externd particulate matter near thetip of the
probe. Remove the probe from the train and close off both ends with duminum foil. Sed off theinlet
to the train with Teflon tgpe, a ground glass cgp, or duminum fail.

Trander the probe and impinger assembly to the cleanup area. This areashal be clean and
enclosed o that the chances of losing or contaminating the sample are minimized. Smoking, which
could contaminate the sample, shal not be dlowed in the cleanup area.



Inspect the train prior to and during disassembly and note any abnorma conditions, eg.,
broken filters, colored impinger liquid, etc. Treat the samples asfollows:

4.2.1 Container No. 1. Either sed thefilter holder or carefully remove thefilter from thefilter
holder and placeit in itsidentified container. Do not place thefilter in duminum foil. Useapair of
cleaned tweezersto handle the filter. If it is necessary to fold the filter, do so such that the particulate
cekeisinddethefold. Carefully transfer to the container any particulate matter and filter fibers which
adhere to thefilter holder gasket, by using adry inert bristle brush and a sharp-edged blade. Sed the
container.

4.2.2 Adsorbent Module. Remove the module from the train, tightly cap both ends, labd it,
and goreit onice for trangport to the laboratory.

4.2.3 Container No. 2. Quantitatively recover materiad deposited in the nozzle, probe transfer
lines, the front haf of thefilter holder, and the cyclone, if used, firdt, by brushing while rinang three times
with acetone and then, by rinang the probe three times with methylene chloride. Coallect dl therinsesin
Container No. 2.

Rinse the back hdf of thefilter holder three timeswith acetone. Rinse the connecting line
between the filter and the condenser three times with acetone. Soak the connecting line with three
separae portions of methylene chloride for 5 minutes each. If using a separate condenser and
adsorbent trap, rinse the condenser in the same manner as the connecting line. Coallect dl therinsesin
Container No. 2 and mark the leve of the liquid on the container.

4.2.4 Container No. 3. Repesat the methylene chloride-rinsing described in Section 4.2.3
using toluene as the rinse solvent. Collect the rinsesin Container No. 3 and mark the level of the liquid
on the container.

4.25 Impinger Water. Measuretheliquid in thefirg four impingersto within 1 mL by usng
agraduated cylinder or by weighing it to within 0.5 g by using abadance. Record the volume or weight
of liquid present. Thisinformation isrequired to calculate the moisture content of the effluent gas.
Discard the liquid after measuring and recording the volume or weight.

4.2.7 Silica Gel. Notethe color of theindicating slicage to determine if it has been
completely spent and make a mention of its condition. Trandfer the slicagd from thefifth impinger to
itsorigina container and sedl.

5. ANALYSS

All glassware shdl be cleaned as described in Section 3A of the "Manud of Andytica
Methods for the Analysis of Pesticides in Human and Environmental Samples.” All samples must be
extracted within 30 days of collection and andyzed within 45 days of extraction.

5.1 Sample Extraction.



5.1.1 Extraction System. Place an extraction thimble (Section 2.3.4), 1 g of sllicagd, and a
plug of glasswool into the Soxhlet gpparatus, charge the apparatus with toluene, and reflux for a
minimum of 3 hours. Remove the toluene and discard it, but retain the sllicagd. Remove the extraction
thimble from the extraction system and place it in a glass beaker to catch the solvent rinses.

5.1.2 Container No. 1 (Filter). Transfer the contents directly to the glass thimble of the
extraction system and extract them smultaneoudy with the XAD-2 resin.

5.1.3 Adsorbent Cartridge. Suspend the adsorbent module directly over the extraction
thimble in the beaker (See Section 5.1.1). The glassfrit of the module should be in the up position.
Using a Teflon squeeze bottle containing toluene, flush the XAD-2 into the thimble onto the bed of
cleaned sllicagd. Thoroughly rinse the glass module catching the ringings in the beeker containing the
thimble. If theresniswet, effective extraction can be accomplished by loosdly packing theresin in the
thimble. Add the XAD-2 glass wool plug to the thimble,

5.1.4 Container No. 2 (Acetone and Methylene Chloride). Concentrate the sampleto a
volume of about 1-2 mL using the rotary evaporator apparatus at atemperature of less than 37°C.
Rinse the sample container three times with smal portions of methylene chloride and add these to the
concentrated solution and concentrate further to near dryness. This residue contains particul ate matter
removed in the rinse of the sampling train probe and nozzle. Add the concentrate to the filter and the
XAD-2 resin in the Soxhlet gpparatus described in Section 5.1.1.

5.1.5 Extraction. Add100 :I of theinterna standard solution (Section 3.3.20) to the
extraction thimble containing the contents of the adsorbent cartridge, the contents of Container No. 1,
and the concentrate from Section 5.1.4. Cover the contents of the extraction thimble with the cleaned
glasswoal plug to prevent the XAD-2 resin from floating into the solvent reservoir of the extractor.
Place the thimble in the extractor, and add the toluene contained in the beaker to the solvent reservair.
Pour additiond toluene to fill the reservoir approximately 2/3 full. Add Teflon boiling chips and
assemble the gpparatus. Adjust the heat source to cause the extractor to cycle three times per hour.
Extract the sample for 16 hours. After extraction, allow the Soxhlet to cool. Transfer the toluene
extract and three 10-mL rinsesto the rotary evaporator. Concentrate the extract to approximately 10
mL. At thispoint the andyst may choose to split the samplein haf. If so, split the sample, store one
half for future use, and andyze the other haf according to the proceduresin Sections 5.2 and 5.3. In
either case, use a nitrogen evaporative concentrator to reduce the volume of the sample being analyzed
to near dryness. Disolvetheresiduein 5 mL of hexane.

5.1.6 Container No. 3 (Toluene Rinse). Add 100 :1 of theinternd standard solution
(Section 3.3.20) to the contents of the container. Concentrate the sample to avolume of about 1-5 mL
using the rotary evaporator gpparatus at a temperature of lessthan 37°C. Rinse the sample container
three times with smal portions of toluene and add these to the concentrated solution and concentrate
further to near dryness. Anayze the extract separately according to the procedures in Sections 5.2 and
5.3, but concentrate the solution in arotary evaporator apparatus rather than a nitrogen evaporative
concentrator.



5.2 Sample Cleanup and Fractionation.

5.2.1 Silica Gd Column. Pack one end of aglass column, 20 mm x 230 mm, with glass
wool. Add in sequence, 1 g slicagd, 2 g of sodium hydroxide impregnated sllicagd, 1 g slicagd, 4 g
of acid-modified slicagd, and 1 g of slicagd. Wash the column with 30 mL of hexane and discard.
Add the sample extract, dissolved in 5 mL of hexane to the column with two additional 5-mL rinses.
Elute the column with an additional 90 mL of hexane and retain the entire duate. Concentrate this
solution to avolume of about 1 mL using the nitrogen evaporative concentrator (Section 2.3.8).

5.2.2 Basic Alumina Column. Shorten a25-mL disposable Pasteur pipette to about 16 mL.
Pack the lower section with glasswool and 12 g of basic dumina. Transfer the concentrated extract
from the sllicagel column to the top of the basic dumina column and e ute the column sequentidly with
120 mL of 0.5 percent methylene chloride in hexane followed by 120 mL of 35 percent methylene
chloridein hexane. Discard the first 120 mL of eluate. Collect the second 120 mL of euate and
concentrate it to about 0.5 mL using the nitrogen evaporative concentrator.

5.2.3 AX-21 Carbon/Cédlite 545 Column. Remove the bottom 0.5 in. from the tip of a9-mL
disposable Pasteur pipette. Insert a glassfiber filter disk or glasswool plug in the top of the pipette 2.5
cm from the condriction. Add sufficient carborn/Celite™ mixture to form a2 cm column (the 0.6 mL
mark column. Top with aglasswool plug. In some cases AX-21 carbon fines may wash through the
glasswool plug and enter the sample. This may be prevented by adding a cdlite plug to the exit end of
the column. Rinse the column in sequence with 2 mL of 50 percent benzene in ethyl acetate, 1 mL of a
50 percent methylene chloride in cyclohexane mixture, and 2 mL of hexane. Discard these rinses.
Trangfer, the concentrate in 1 mL hexane from the basic dumina column to the carbon/cdlite dong with
1 ml of hexanerinse. Elute the column sequentialy with 2 mL of 50 percent methylene chloridein
hexane and 2 mL of 50 percent benzenein ethyl acetate and discard the duates. Invert the column and
eutein the reverse direction with 13 mL of toluene. Collect thiseluate. Concentrate the duatein a
rotary evaporator at 50°C to about 1 mL. Transfer the concentrate to a Reacti-via using atoluene
rinse and concentrate to avolume of 200 ul using astream of N,. Store extracts at room temperature,
shidded from light, until the analysisis performed.

5.3 Analysis. Andyze the sample with a gas chromatograph coupled to a mass spectrometer
(GCIMYS) using the instrumenta parametersin Sections5.3.1 and 5.3.2. Immediately prior to andyss,
add a 20 :1 diquot of the recovery slandard solution from Table 1 to each sample. A 2 :1 diquot of
the extract isinjected into the GC. Sample extracts are first andyzed using the DB-5 capillary column
to determine the concentration of each isomer of PCDD's and PCDF's (tetra-through octa:). If tetra
chlorinated dibenzofurans are detected in this analys's, then anayze another diquot of the samplein a
separate run, using the DB-225 column to measure the 2,3,7,8 tetra-chloro dibenzofuran isomer.
Other column systems may be used, provided that the user is able to demongtrate using cdibration and
performance checks that the column system is able to meet the specifications of Section 6.1.2.2.

5.3.1 Gas Chromatograph Operating Conditions.



5.3.1.1 Injector. Configured for capillary column, splitless, 250 °C.
5.3.1.2 Carrier Gas. Hdium, 1-2 ml/min.

5.3.1.3 Oven. Initidly a 150 °C. Raise by a least 40 °C/min to 190 °C and then by °C/min
up to 300 °C.

5.3.2 High Resolution M ass Spectrometer.
5.3.2.1 Resolution. 10,000 m/e.

5.3.2.2 lonization Mode. Electron impact.
5.3.2.3 Source Temperature 250°C.

5.3.2.4 Monitoring Mode. Sdected ion monitoring. A ligt of the variousionsto be
monitored is presented in Table 3.

5.3.2.5 ldentification Criteria. Thefollowing identification criteriashdl be used for the
characterization of polychlorinated dibenzodioxins and dibenzofurans.

1. Theintegrated ion-abundance ratio (M/M+2 or M+2/M+4) shdl be within 15 percent of
the theoretica value. The acceptable ion-abundance ratio ranges (+15%) for the identification of
chlorine-containing compounds are given in Table 4.

2. The retention time for the analytes must be within 3 seconds of the corresponding **C-
labeled interna standard or surrogate standard.

3. The monitored ions, shown in Table 3 for agiven andyte, shal reach their maximum within 2
seconds of each other.

4. Theidentification of specific isomers that do not have corresponding *C-labeled standards
is done by comparison of the relative retention time (RRT) of the analyte to the nearest internal standard
retention time with reference (i.e,, within 0.005 RRT units) to the comparable RRT's found in the
continuing cdibration.

5. Thedgnd to noiseratio for al monitored ions must be greater than 2.5.

6. The confirmation of 2, 3, 7, 8 TCDF shdl stisfy al of the above identification criteria

7. For theidentification of PCDF's, no signd may be found in the corresponding PCDPE
channds.

5.3.2.6 Quantification. The peak areas for the two ions monitored for each anadyte are
summed to yield the total response for each andyte. Each internd standard is used to quantify the
indigenous PCDD's or PCDF's in its homologous series. For example, the 13C,,-2,3,7,8-tetra
chlorinated dibenzodioxin is used to calculate the concentrations of al other tetra chlorinated isomers,
Recoveries of the tetra- and penta- internal standards are calculated using the °C,-1,2,3,4-TCDD.
Recoveries of the hexa through octa- internal standards are calculated using *C,,-1,2,3,7,8,9-



HxCDD. Recoveriesof the surrogate standards are caculated using the corresponding homolog from
theinternd standard.

6. CALIBRATION
Same as Method 5 with the following additions.
6.1 GC/MS System.

6.1.1 Initial Calibration. Cdibratethe GC/MS system using the set of five standards shown
in Table 2. The rdative sandard deviation for the mean response factor from each of the unlabeled
andytes (Table 2) and of theinternal and surrogate sandards shdl be less than or equa to the vauesin
Tableb. Thesgnd to noiseratio for the GC signd present in every sdected ion current profile shdl be
greater than or equa to 2.5. Theion abundance retios shdl be within the contral limitsin Table 4.

6.1.2 Daily Performance Check.

6.1.2.1 Calibration Check. Inject one :1 of solution Number 3 from Table 2. Caculaethe
relative response factor (RRF) for each compound and compare each RRF to the corresponding mean
RRF obtained during the initid cdibration. The andyzer performance is acceptable if the measured
RRF'sfor the labeled and unlabeled compounds for the daily run are within the limits of the mean vaues
shown in Table 5. In addition, the ion-abundance ratios shal be within the dlowable control limits
shownin Table 4.

6.1.2.2 Column Separation Check. Inject asolution of amixture of PCDD's and PCDF's
that documents resol ution between 2,3,7,8-TCDD and other TCDD isomers. Resolution is defined as
avalley between peaksthat isless than 25 percent of the lower of the two peaks. Identify and record
the retention time windows for each homologous series.

Peform asimilar resolution check on the confirmation column to document the resolution between
2,3,7,8 TCDF and other TCDF isomers.

6.2 Lock Channels. Set mass spectrometer lock channedls as specified in Table 3. Monitor
the quality control check channds specified in Table 3 to verify insgrument stability during the andyss.

7. QUALITY CONTROL

7.1 Sampling Train Collection Efficiency Check. Add 100 :| of the surrogate sandardsin
Table 1 to the adsorbent cartridge of each train before collecting the field samples.

7.2 Internal Standard Percent Recoveries. A group of nine carbon-labeled PCDDs and
PCDFs representing the tetra- through octachlorinated homologues, is added to every sample prior to
extraction. Therole of theinternal tandardsis to quantify the native PCDD's and PCDF's present in



the sample as well asto determine the overdl method efficiency. Recoveries of theinterna standards
must be between 40 to 130 percent for the tetra- through hexachlorinated compounds while the range
is 25 to 130 percent for the hepta- and octachlorinated homol ogues.

7.3 Surrogate Standard Recoveries. The five surrogate compoundsin Table 2 are added
to the resin in the adsorbent sampling cartridge before the sampleis collected. The surrogate
recoveries are measured relaive to the interna standards and are a measure of the collection efficiency.
They are not used to measure the native PCDD's and PCDF's. Al recoveries shal be between 70 and
130 percent. Poor recoveriesfor al the surrogates may be an indication of breakthrough in the
sampling train. If the recovery of al sandards is below 70 percent, the sampling runs must be
repested. As an dternative, the sampling runs do not have to be repeated if the find results are divided
by the fraction of surrogate recovery. Poor recoveries of isolated surrogate compounds should not be
grounds for rgecting an entire set of samples.

7.4 Toluene QA Rinse. Report the results of the toluene QA rinse separately from the total
sample catch. Do not add it to the total sample.

8. QUALITY ASSURANCE

8.1 Applicability. When the method is used to andyze samples to demonstrate compliance
with a source emission regulation, an audit sample must be analyzed, subject to availability.

8.2 Audit Procedure. Andyze an audit sample with each st of compliance samples. The
audit sample contains tetra through octa isomers of PCDD and PCDF. Concurrently analyze the audit
sample and a set of compliance samples in the same manner to evauate the technique of the anadlyst and
the standards preparation. The same analys, andytica reagents, and anadytical system shdl be used
both for the compliance samples and the EPA audit sample.

8.3 Audit Sample Availability. Audit sampleswill be supplied only to enforcement agencies
for compliance tests. Audit samples may be obtained by writing:

Source Test Audit Coordinator (MD-77B)

Qudity Assurance Divison

Atmospheric Research and Exposure Assessment Laboratory
U.S. Environmenta Protection Agency

Research Triangle Park, NC 27711

or by caling the Source Test Audit Coordinator (STAC) at (919) 541-7834. The audit sample request
must be made at least 30 days prior to the scheduled compliance sample andyss.

8.4 Audit Results. Cdculate the audit sample concentration according to the calculaion
procedure provided in the audit ingtructions included with the audit sample. Fill in the audit sample
concentration and the analyst's name on the audit response form included with the audit ingtructions.



Send one copy to the EPA Regiond Office or the appropriate enforcement agency and a second copy
tothe STAC. The EPA Regiond office or the appropriate enforcement agency will report the results of
the audit to the |aboratory being audited. Include this response with the results of the compliance
samplesin relevant reports to the EPA Regiond Office or the gppropriate enforcement agency.
9. CALCULATIONS

Same as Method 5, Section 6 with the following additions.

9.1 Nomenclature.

A, = Integrated ion current of the noise a the retention time of the andyte.
A= Integrated ion current of the two ions characterigtic of the internd standard i inthe
cdibration standard.
Ag = Integrated ion current of the two ions characteristic of compound i in the jth calibration
standard.
A= Integrated ion current of the two ions characterigtic of the internd standard i in the jth
cdibration standard.
Ag = Integrated ion current of the two ions characterigtic of surrogate compound i in the
cdibration standard.
A = Integrated ion current of the two ions characteristic of compound i in the sample.
Al = Integrated ion current of the two ions characterigtic of internd standard i in the sample.
A= Integrated ion current of the two ions characteristic of the recovery standard.
Ag = Integrated ion current of the two ions characteristic of surrogate compound i in the
sample.
C,=  Concentration of PCDD or PCDF i in the sample, pg/M?3.
C;=  Totd concentration of PCDD's or PCDF'sin the sample, pg/M?>.
m; = Mass of compound i in the cdibration standard injected into the anayzer, pg.
my = Mass of labeled compound i in the calibration standard injected into the analyzer, pg.
m;=  Massof interna standard i added to the sample, pg.

ms = Mass of recovery standard in the cdibration standard injected into the andyzer, pg.

m = Mass of surrogate compound in the sample to be andyzed, pg.
my = Mass of surrogate compound i in the calibration standard, pg.
RRF, = Reative response factor for compound i.

RRF, = Recovery standard response factor.
RRF, = Surrogate compound response factor.
o Vi)™= Metered volume of sample run, dscm.

9.2 Average Relative Response Factor.



9.3 Concentration of the PCDD'sand PCDF's.

w
m; Ay

Cy =
o
A; RRF; V,

9.4 Recovery Standard Response Factor.

9.6 Surrogate Compound Response Factor.

Al m
RRF_= o1 =

B -
Aoz 2oy

9.7 Recovery of Surrogate Compounds (Ry).

Eq. 23-1
Eq. 23-2
Eq. 23-3
Eq. 23-4
Eq. 23-5



m
R = — 00— x100% Eq. 23-6

9.8 Minimum Detectable Limit (DL).

2.5A ,m;
MDL = .—'“ Eq. 23-7
Ac.i RRFI

9.9 Total Concentration of PCDD'sand PCDF'sin the Sample.

C = z e, Eq. 23-11
1

Any PCDDs or PCDFs that are reported as nondetected (below the DL) shdl be counted as zero for
the purpose of calculating the total concentration of PCDDs and PCDFs in the sample.
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TABLE 23-1. COMPOSITION OF THE SAMPLE FORTIFICATION AND RECOVERY

STANDARDS SOLUTIONS

WAA44444484800000484444444444048800040448444444444444444444444

Andyte

Concentration

(pg/:1)

S$33333333133333313311333133313331331133133113313))1))))))))Q

Internal Standards

13C,,-2,3,7,8-TCDD
13C,,-1,2,3,7,8-PeCDD
13C,,-1,2,3,6,7,8-HXCDD
13C,.-1,2,3,4,6,7,8-HpCDD
13C_,-OCDD
13C,,-2,3,7,8-TCDF
13C,,-1,2,3,7,8-PeCDF
13C,,-1,2,3,6,7,8-HXCDF
13C,,-1,2,3,4,6,7,8-HpCDF

Surrogate Standards

%Cl,-2,3,7,8-TCDD
13C,,-1,2,3,4,7,8-HXCDD
13C,,-2,3,4,7,8-PeCDF
13C,,-1,2,3,4,7,8-HXCDF
13C,,-1,2,3,4,7,8,9-HpCDF

Recovery Standards

13C,,-1,2,3,4-TCDD
13C,,-1,2,3,7,8,9-HXCDD

100
100
100
100
100

100
100
100

100
100
100
100
100

100
100

100

WAAA44444044440844440444480484444884444444444444444444444444



TABLE 23-2. COMPOSITION OF THE INITIAL CALIBRATION SOLUTIONS
WAAAAAQ4A4444044400 4040400404444 040444404444444444444444444444
44441

Concentrations
(pg/:L)
Compound  Solution No. 1 2 3 4 5
?;gg%)))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Unlabeled Analytes

2,3,7,8-TCDD 0.5 1 5 50 100
2,3,7,8-TCDF 05 1 5 50 100
1,2,3,7,8-PeCDD 25 5 25 250 500
1,2,3,7,8-PeCDF 25 5 25 250 500
2,3,4,7,8-PeCDF 25 5 25 250 500
1,2,3,4,7,8-HxCDD 25 5 25 250 500
1,2,3,6,7,8-HxCDD 25 5 25 250 500
1,2,3,7,8,9-HxCDD 25 5 25 250 500
1,2,3,4,7,8-HXCDF 25 5 25 250 500
1,2,3,6,7,8-HXCDF 25 5 25 250 500
1,2,3,7,8,9-HXCDF 25 5 25 250 500
2,3,4,6,7,8-HxCDD 25 5 25 250 500
1,2,3,4,6,7,8-HpCDD 2.5 5 25 250 500
1,2,3,4,6,7,8-HpCDF 2.5 5 25 250 500
1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500
OCDD 50 10 50 500 1000
OCDF 5.0 10 50 500 1000

Interndl Standards

13C_,-2,3,7,8 TCDD 100 100 100 100 100
13C,,-1,2,3,7,8-PeCDD 100 100 100 100 100
13C_,-1,2,3,6,7,8-HXCDD 100 100 100 100 100
13C,,-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100
13C,,-OCDD 200 200 200 200 200
13C,,-2,3,7,8 TCDF 100 100 100 100 100

3C,,-1,2,3,7,8-PeCDF 100 100 100 100 100



¥C,,-1,2,3,6,7,8-HXCDF 100 100 100 100 100

3C,,-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100

5302000030000 300003000 0300000000000 00000000000 00000000))),
)))IQ

(Continued)

TABLE 23-2. (Continued)
WA44444444444444444440440444444440440440444444444440444444444444
4444V

Concentrations
(pg/:L)

Compound  Solution No. 1 2 3 4 5
SIDIIIIIIIIIIIDDD,
2))23)3133133133133)313)13)1))1))11)11))))))))))))Q
Surrogate Standards
%'Cl,-2,3,7,8-TCDD 60 80 100 120 140
18C,,-2,3,4,7,8-PeCDF 60 80 100 120 140
18C,,-1,2,3,4,7,8-HXxCDD 60 80 100 120 140
18C,,-1,2,3,4,7,8-HXCDF 60 80 100 120 140
13C,,-1,2,3,4,7,8,9-HpCDF 60 80 100 120 140

Recovery Standards

13C,,-1,2,3,4-TCDD 100 100 100 100 100
13C,,-1,2,3,7,8,9-HxCDD 100 100 100 100 100
WA4AAA44444444444044440404400444004484044044440444404444444444
4444V



TABLE 23-3. ELEMENTAL COMPOSITIONS AND EXACT MASSES OF THE IONS MONITORED BY
HIGH RESOLUTION MASS SPECTROMETRY FOR PCDD's AND PCDF's

4444444444444 4444444444444444444444444444444404444444444444444444444444444
444444

Descriptor Accurate lon Elementa

Number Mass Type Composition Analyte

2331133113331333133313133131333133313331313331333133313333333333333)))1))))))
D)
2

292.9825 LOCK CF, PFK
303.9016 M C,H,®Cl,0 TCDF
305.8987 M+2 C,H,®CF'O TCDF
315.9419 M 18C,,H,CL,0 TCDF (S)
317.9389 M+2 18C,,H,3CLFCIO TCDF (S)
319.8965 M C,H®ClO, TCDD
321.8936 M+2 C,H.®Cl.7Clo, TCDD
327.8847 M C,H7Cl,0, TCDD (S)
330.9792 QC CF.. PFK
331.9368 M 13C,,H,*ClL,0, TCDD ()
333.9339 M+2 13C,,H,®CF'CIO, TCDD ()
339.8597 M+2 C,H-*ClCIO PECDF
341.8567 M+4 C,H-*CL.¥CL,O PeCDF
351.9000 M+2 18C,,H,3CL,FCIO PeCDF (S)
353.8970 M+4 18C,,H,®Cl¥CL,O PeCDF (S)
355.8546 M+2 C,H-*Cl,37CIO, PeCDD
357.8516 M+4 C,H-*CL¥CL0, PeCDD
367.8949 M+2 18C,,H,*Cl,¥CIO, PeCDD (S)
369.8919 M-+4 18C,,H*CLFCLO, PeCDD (S)
375.8364 M+2 C,H,®CICIO HxCDPE
409.7974 M+2 C,H-*CIFClO HpCPDE

S)))))23))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

(Continu



TABLE 23-3. (Continued)
WAAAA444444440444440000444440404444440004444400004444404044444444444444444
444444

Descriptor Accurate lon Elemental

number mass type composition Anayte

$313333133313133333331333133313133313331333133331313331333133333333133)1)))))))
)
3

373.8208 M+2 C,,H,35CIFClO HXCDF
375.8178 M-+4 C,H,*CI,¥CL,O HxCDF
383.8639 M 13C,,H,3Cl,0 HXCDF (S)
385.8610 M-+2 13C,,H,3CLFCIO HXCDF (S)
389.8157 M+2 C,H.=Cl7Cl0, HxCDD
391.8127 M-+4 C,H,*Cl,¥CLO, HxCDD
392.9760 LOCK CoFys PFK
401.8559 M+2 13C,,H,5CIICIO, HXCDD (S)
403.8529 M+4 13C,,H,3CL,ICL,0 HXCDD (S)
445.7555 M+4 C,H,=CIFCLO OCDPE
430.9729 QC CoFyr PFK

$22333))31333333333333333333333333113333333333313)3333)))311)))))
(Continued)



TABLE 23-3. (Continued)
WAAAA444444400444440000444400400444444004444400004444444044444444444444444
444444

Descriptor ~ Accurate  lon Elemental

number mass type composition Analyte

$32))1331133113311331133313311331133133)133113311331133)133)))3))))))))))))))
))))))
4

407.7818 M+2 C,H*CI7CIO HpCDF
409.7789 M+4 C,,H®CIFCL,O HpCDF
417.8253 M 18C, H®CL,O HpCDF (S)
389.8157 M+2 C,H,*Cl'CIO, HxCDD
391.8127 M-+4 C,H,*CL¥CL0, HxCDD
392.9760 LOCK CoF.e PFK
401.8559 M+2 1BC,,H,*CI.I'CIO, HXCDD (S)
403.8529 M+4 1BC,,H,*CI,7"ClL,0 HXCDD (S)
445.7555 M-+4 C,H,*Cl7'CL,0 OCDPE
430.9729 QC CF. PFK
407.7818 M+2 C,H*CICIO HpCDF
409.7789 M-+4 C,H*CLFCL,O HpCDF
417.8253 M 1BC, H®CL,O HpCDF (S)
419.8220 M+2 1BC,,H5CIFCIO HpCDF (S)
423.7766 M+2 C,H*CI7ClO, HpCDD
425.7737 M-+4 C,H*CIFCL,0, HpCDD
435.8169 M+2 1BC, H5CLFCIO, HpCDD (S)
437.8140 M+4 1BC,,H®CIFCL,0, HpCDD (S)
479.7165 M-+4 C,,H®CL¥CL,O NCPDE
430.9729 LOCK CF. PFK
441.7428 M+2 C,*CLFClo OCDF
443.7399 M+4 C,*CIFCLO OCDF
457.7377 M+2 C,*ClL¥Clo, OCDD
459.7348 M-+4 C,*3CIFCLO, OCDD
469.7779 M+2 13C,,3CL¥CIO, OCDD (S)
471.7750 M-+4 18C,*ClFCL0, OCDD (S)
513.6775 M+4 C,*ClLFCLO, DCDPE
442.9728 QC CuF sy PFK



WAAAAAAAAAANAAAAAAANNAAAAAANNAAAAAANNNAAAAAANNAAAAAANNNAANAAAAANNAAAA4444444

444444

The following nuclidic masses were used: H= 1.007825 O =15.994914 C =12.000000 *Cl = 34.968853
3C = 13.003355 *Cl = 36.965903 F =18.9984 S = Labeled Standard

QC = lon selected for monitoring instrument stability during the GC/MS analysis.



TABLE 23-4. ACCEPTABLE RANGES FOR ION-ABUNDANCE
RATIOS OF PCDD's AND PCDF's
WAAA44444444444444848444444484848444448840444448 8404444484844 44444444444444444

Number of

Chlorine lon Theoretical Control Limits
Atoms Type Ratio Lower Upper
S3)))333333331111333333111113333333111133333331111))))333)))))))))))))
4 M/M+2 0.77 0.65 0.89
5 M+2/M+4 155 132 1.78
6 M+2/M+4 124 1.05 1.43
6° M/M+2 051 043 0.59
7* M/M+2 044 037 0.51
7 M+2/M+4 1.04 0.88 1.20
8 M+2/M+4 0.89 0.76 1.02

WAAA44444444444444444 4044440440444 4044440440444 404 4444444444444 44444444
3 Used only for *C-HxCDF.
® Used only for **C-HpCDF.



TABLE 23-5. MINIMUM REQUIREMENTS FOR INITIAL AND DAILY CALIBRATION

RESPONSE FACTORS
WAAAAA444404A04AAANNANAAAAANNNAAAAAANNAAAAAANNNAAAAAANNAANAAAAAALAA44444
Relative Response Factors
Initial Cdlibration Daily Cdlibration
Compound RSD % Difference

S32))133133113311331333133113311333133113311331133113311331))3))))))))))
Unlabeled Anaytes

2,3,7,8-TCDD 25 25

2,3,7,8-TCDF 25 25
1,2,3,7,8-PeCDD 25 25
1,2,3,7,8-PeCDF 25 25
2,3,4,7,8-PeCDF 25 25
1,2,4,5,7,8-HxCDD 25 25
1,2,3,6,7,8-HXCDD 25 25
1,2,3,7,8,9-HxCDD 25 25
1,2,3,4,7,8-HXCDF 25 25
1,2,3,6,7,8-HxCDF 25 25
1,2,3,7,8,9-HXCDF 25 25
2,3,4,6,7,8-HxCDF 25 25
1,2,3,4,6,7,8-HpCDD 25 25
1,2,3,4,6,7,8-HpCDF 25 25
OCDD 25 25
OCDF 30 30

Internal Standards

C,,-2,3,7,8-TCDD 25 o5
C,,-1,2,3,7,8-PeCDD 30 30
¥C,,-1,2,3,6,7,8-HxCDD 25 25
2C,,-1,2,3,4,6,7,8-HpCDD 30 30
15C_-OCDD 30 30
C,,-2,3,7,8-TCDF 30 30
3C,,-1,2,3,7,8-PeCDF 30 30
3C,,-1,2,3,6,7,8-HXCDF 30 30
3C,,-1,2,3,4,6,7,8-HpCDF 30 30

$31333313331333331333133313331333331333133313333333313333333333331)))))))



TABLE 23-5. (Continued)
WAAAA4444404004A44ANNANAAAANNNAAAAAANNAAAAAANNNAAAAAANNAAAAAAANLAA44444

Relative Response Factors
Initial Calibration Daily Cdlibration
Compound RSD % Difference

S322331113331113333111333311333111333111331111333111333)11133))))3)))))))
Surrogate Standards

¥C|,-2,3,7,8-TCDD o5 o
1C,,-2,3,4,7,8-PeCDF 25 o
C,,-1,2,3,4,7,8-HXCDD 25 o5
1C,,-1,2,3,4,7,8-HXCDF 25 o5
C,-1,2,3,4,7,8,9-HpCDF 25 o5

WAAA444444444444448484444444848484444488A00444448 8404444484844 44444444444444444
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METHOD 26A - DETERMINATION OF HYDROGEN HALIDE AND

HALOGEN EMISSIONS FROM STATIONARY SOURCES
ISOKINETIC METHOD

NOTE: This method does not include all of the
specifications (e.g. equi pnent and supplies) and procedures
(e.g. sanpling and anal ytical) essential to its perfornmance.
Sone material is incorporated by reference from ot her
methods in this part. Therefore, to obtain reliable
results, persons using this nethod should have a thorough
knowl edge of at |east the follow ng additional test nethods:
Met hod 2, Method 5, and Met hod 26.

1.0 Scope and Application.

1.1 Analytes.

Anal ytes CAS No.

Hydr ogen Chl oride (HO) 7647-01-0
Hydr ogen Brom de (HBr) 10035-10-6
Hydr ogen Fl uoride (HF) 7664-39-3
Chlorine (d,) 7882-50-5
Brom ne (Br,) 7726-95-6

1.2 This nmethod is applicable for determ ning
em ssions of hydrogen halides (HX) [HCl, HBr, and HF] and
hal ogens (X,) [O, and Br,] from stationary sources when
specified by the applicable subpart. This nethod collects
the em ssion sanple isokinetically and is therefore

particularly suited for sanpling at sources, such as those
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controll ed by wet scrubbers, emtting acid particul ate
matter (e.g., hydrogen halides dissolved in water droplets).

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 Principle. Gaseous and particulate pollutants
are withdrawn isokinetically fromthe source and coll ected
in an optional cyclone, on a filter, and in absorbing
solutions. The cyclone collects any liquid droplets and is
not necessary if the source em ssions do not contain them
however, it is preferable to include the cyclone in the
sanpling train to protect the filter fromany liquid
present. The filter collects particulate matter including
halide salts but is not routinely recovered or anal yzed.

Aci di ¢ and al kal i ne absorbi ng sol utions collect the gaseous
hydr ogen hal i des and hal ogens, respectively. Follow ng
sanpling of em ssions containing liquid droplets, any

hal i des/ hal ogens dissolved in the liquid in the cycl one and
on the filter are vaporized to gas and collected in the

i npi ngers by pulling conditioned anbient air through the
sanpling train. The hydrogen halides are solubilized in the
acidic solution and formchloride (d-), bromde (Br), and

fluoride (F) ions. The hal ogens have a very low solubility
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in the acidic solution and pass through to the al kaline
sol ution where they are hydrolyzed to forma proton (HY),
the halide ion, and the hypohal ous acid (HCO O or HBrO.
Sodiumthiosulfate is added to the al kaline solution to
assure reaction with the hypohal ous acid to forma second
halide ion such that 2 halide ions are forned for each
nmol ecul e of hal ogen gas. The halide ions in the separate
solutions are neasured by ion chromatography (1C. |If
desired, the particulate nmatter recovered fromthe filter
and the probe is analyzed follow ng the procedures in
Met hod 5.

NOTE: If the tester intends to use this sanpling
arrangenment to sanple concurrently for particulate matter
the alternative Teflon probe liner, cyclone, and filter
hol der should not be used. The Teflon filter support nust
be used. The tester nust also neet the probe and filter
tenperature requirenents of both sanpling trains.

3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Volatile materials, such as chlorine dioxide
(A O) and ammoni um chl oride (NH,C ), which produce halide
i ons upon dissolution during sanpling are potenti al
interferents. Interferents for the halide nmeasurenents are

t he hal ogen gases whi ch di sproportionate to a hydrogen



1362
hal i de and an hypohal ous acid upon dissolution in water.
The use of acidic rather than neutral or basic solutions for
coll ection of the hydrogen halides greatly reduces the
di ssolution of any hal ogens passing through this solution.

4.2 The sinultaneous presence of both HBr and C , may
cause a positive bias in the HOJ result with a correspondi ng
negative bias in the O, result as well as affecting the
HBr/Br, split.

4.3 High concentrations of nitrogen oxides (NQ) may
produce sufficient nitrate (NOy) to interfere with
measurenents of very |low Br- |evels.

4.4 There is anecdotal evidence that HF nay be
out gassed from new Tefl on conponents. |If HF is a target
anal yte then preconditioning of new Teflon conponents, by
heati ng, should be consi dered.

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices and determ ne the
applicability of regulatory Iimtations before performng

this test nethod.
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5.2 Corrosive Reagents. The follow ng reagents are
hazardous. Personal protective equi pnent and safe
procedures are useful in preventing chem cal splashes. |If
contact occurs, imrediately flush with copi ous anmounts of
water for at least 15 mnutes. Renove clothing under shower
and decontam nate. Treat residual chem cal burns as thernal
bur ns.

5.2.1 Sodium Hydroxide (NaCH). Causes severe danage
to eyes and skin. Inhalation causes irritation to nose,
throat, and lungs. Reacts exothermcally with limted
anounts of water.

5.2.2 Sulfuric Acid (H,SO). Rapidly destructive to
body tissue. WII| cause third degree burns. Eye danage nmay
result in blindness. Inhalation may be fatal from spasm of
the larynx, usually within 30 m nutes. My cause | ung
ti ssue damage with edema. 1 ng/n? for 8 hours will cause
| ung damage or, in higher concentrations, death. Provide
ventilation to limt inhalation. Reacts violently with
nmetal s and organi cs.

6.0. Equipment and Supplies.

NOTE: Mention of trade nanmes or specific products

does not constitute endorsenent by the Environnental

Prot ection Agency.
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6.1 Sanpling. The sanpling train is shown in Figure
26A-1; the apparatus is simlar to the Method 5 train where
noted as foll ows:

6.1.1 Probe Nozzle. Borosilicate or quartz gl ass;
constructed and calibrated according to Method 5, Sections
6.1.1.1 and 10.1, and coupled to the probe liner using a
Tefl on union; a stainless steel nut is recommended for this
union. \When the stack tenperature exceeds 210°C (410°F), a
one- pi ece gl ass nozzle/liner assenbly nust be used.

6.1.2 Probe Liner. Sanme as Method 5, Section
6.1.1.2, except netal liners shall not be used. Water-
cooling of the stainless steel sheath is recomended at
t enper at ures exceedi ng 500°C (932°F). Teflon nmay be used in
[imted applications where the m ni mrum stack tenperature
exceeds
120°C (250°F) but never exceeds the tenperature where Tefl on
is estimated to beconme unstable [approximately 210°C
(410°F)].

6.1.3 Pitot Tube, Differential Pressure Gauge, Filter
Heating System Metering System Baroneter, Gas Density
Det erm nati on Equi prent. Sanme as Method 5, Sections
6.1.1.3, 6.1.1.4, 6.1.1.6, 6.1.1.9, 6.1.2, and 6.1. 3.

6.1.4 Cyclone (Optional). dass or Teflon. Use of

the cyclone is required only when the sanple gas streamis



1365

saturated with noisture; however, the cyclone is reconmended
to protect the filter fromany liquid droplets present.

6.1.5 Filter Holder. Borosilicate or quartz gl ass,
or Teflon filter holder, with a Teflon filter support and a
seal i ng gasket. The sealing gasket shall be constructed of
Tefl on or equivalent materials. The hol der design shal
provi de a positive seal against |eakage at any point al ong
the filter circunference. The holder shall be attached
i medi ately to the outlet of the cyclone.

6.1.6 Inpinger Train. The follow ng systemshall be
used to determi ne the stack gas noi sture content and to
coll ect the hydrogen halides and hal ogens: five or six
i npi ngers connected in series with | eak-free ground gl ass
fittings or any simlar |eak-free noncontam nating fittings.
The first inpinger shown in Figure 26A-1 (knockout or
condensate inpinger) is optional and is recommended as a
wat er knockout trap for use under high noisture conditions.
| f used, this inpinger should be constructed as descri bed
bel ow for the al kaline inpingers, but with a shortened stem
and should contain 50 m of 0.1 N H,SO,. The follow ng two
i npi ngers (acid inpingers which each contain 100 m of 0.1 N
H,SO,) shall be of the G eenburg-Smth design with the
standard tip (Method 5, Section 6.1.1.8). The next two
i npi ngers (al kaline inpingers which each contain 100 m of

0.1 N NaOH) and the last inpinger (containing silica gel)
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shall be of the nodified G eenburg-Smth design (Method 5,
Section 6.1.1.8). The condensate, acid, and al kal i ne
i npi ngers shall contain known quantities of the appropriate
absorbing reagents. The |ast inpinger shall contain a known
wei ght of silica gel or equivalent desiccant. Teflon
i npi ngers are an acceptable alternative.

6.1.7 Heating System Any heating system capabl e of
mai ntai ning a tenperature around the probe and filter hol der
greater than 120 °C (248 °F) during sanpling, or such other
tenperature as specified by an applicable subpart of the
st andards or approved by the Adm nistrator for a particul ar
appl i cation.

6.1.8 Anbient Air Conditioning Tube (Optional). Tube
tightly packed with approximately 150 g of fresh 8 to 20
mesh sodi um hydr oxi de-coated silica, or equivalent,
(Ascarite Il has been found suitable) to dry and renove acid
gases fromthe anbient air used to renpbve noisture fromthe
filter and cyclone, when the cyclone is used. The inlet and
outl et ends of the tube should be packed with at |east 1-cm
t hi ckness of glass wool or filter material suitable to
prevent escape of fines. Fit one end with flexible tubing,
etc. to allow connection to probe nozzle follow ng the test
run.

6.2 Sanple Recovery.
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6.2.1 Probe-Liner and Probe-Nozzl e Brushes, Wash
Bottles, dass Sanple Storage Containers, Petri D shes,

G aduated Cylinder and/or Bal ance, and Rubber Pol i cenan.
Same as Method 5, Sections 6.2.1, 6.2.2, 6.2.3, 6.2.4,
6.2.5, and 6.2.7.

6.2.2 Plastic Storage Containers. Screw cap
pol ypropyl ene or pol yethyl ene containers to store silica
gel. Hi gh-density polyethylene bottles with Teflon screw
cap liners to store inpinger reagents, 1-liter.

6.2.3 Funnels. dass or high-density polyethyl ene,
to aid in sanple recovery.

6.3 Sanple Preparation and Anal ysis.

6.3.1 Volunetric Flasks. Cass A, various sizes.

6.3.2 Volunetric Pipettes. Cass A assortnent. To
dilute sanples to calibration range of the ion chromatograph
(10.

6.3.3 lon Chromatograph (1C. Suppressed or
nonsuppressed, with a conductivity detector and el ectronic
integrator operating in the peak area node. O her
detectors, a strip chart recorder, and peak heights nay be
used.

7.0 Reagents and Standards.
NOTE: Unless otherwi se indicated, all reagents nust

conformto the specifications established by the Commttee
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on Anal ytical Reagents of the American Chem cal Society (ACS
reagent grade). Wien such specifications are not avail abl e,
the best avail able grade shall be used.

7.1 Sanpling.

7.1.1 Filter. Teflon mat (e.g., Pallflex TX40H 45)
filter. Wen the stack gas tenperature exceeds 210°C
(410°F) a quartz fiber filter may be used.

7.1.2 Water. Deionized, distilled water that
confornms to Anerican Society of Testing and Materials (ASTM
Specification D 1193-77 or 91, Type 3 (incorporated by
reference - see 8§ 60.17).

7.1.3 Acidic Absorbing Solution, 0.1 N Sulfuric Acid
(H,SO,). To prepare 1 L, slowy add 2.80 ml of concentrated
17.9 M H,SO, to about 900 ml of water while stirring, and
adjust the final volune to 1 L using additional water.

Shake well to m x the solution.

7.1.4 Silica CGel, Crushed Ice, and Stopcock G ease.
Sanme as Method 5, Sections 7.1.2, 7.1.4, and 7.1.5,
respectively.

7.1.5 Al kaline Absorbing Solution, 0.1 N Sodium
Hydroxi de (NaOH). To prepare 1 L, dissolve 4.00 g of solid
NaCH i n about 900 ml of water and adjust the final volunme to
1 L using additional water. Shake well to m x the sol ution.

7.1.6 Sodium Thiosul fate, (Na,5,0,3-5 HO.

7.2 Sanple Preparation and Anal ysis.
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7.2.1 Water. Sanme as in Section 7.1.2.

7.2.2 Absorbing Solution Bl anks. A separate bl ank
sol ution of each absorbing reagent should be prepared for
analysis with the field sanples. Dilute 200 m of each
absorbing solution (250 m of the acidic absorbing solution,
if a condensate inpinger is used) to the sane final volunme
as the field sanples using the blank sanple of rinse water.
If a particulate determ nation is conducted, collect a blank
sanpl e of acet one.

7.2.3 Halide Salt Stock Standard Sol utions. Prepare
concentrated stock solutions fromreagent grade sodi um
chloride (NaC), sodium brom de (NaBr), and sodium fl uoride
(NaF). Each nust be dried at 110°C (230°F) for two or nore
hours and then cooled to roomtenperature in a desiccator
i mredi ately before weighing. Accurately weigh 1.6 to 1.7 g
of the dried NaCl to within 0.1 ng, dissolve in water, and
dilute to 1 liter. Calculate the exact C - concentration
using Equation 26A-1 in Section 12.2. In a simlar manner,
accurately weigh and solubilize 1.2 to 1.3 g of dried NaBr
and 2.2 to 2.3 g of NaF to nmake 1-liter solutions. Use
Equations 26A-2 and 26A-3 in Section 12.2, to calculate the
Br- and F concentrations. Alternately, solutions
containing a nomnal certified concentration of 1000 ng/L
NaCl are commercially avail abl e as conveni ent stock

solutions fromwhich standards can be nmade by appropriate
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volunetric dilution. Refrigerate the stock standard
solutions and store no | onger than one nonth.

7.2.4 Chromat ographic Eluent. Sanme as Method 26,
Section 7.2.4.

7.2.5 Water. Sanme as Section 7.1.1.

7.2.6 Acetone. Sane as Method 5, Section 7.2.

7.3 Quality Assurance Audit Sanples. Wen making
conpliance determ nations, and upon availability, audit
sanpl es may be obtained fromthe appropriate EPA regional
Ofice or fromthe responsi ble enforcenent authority.

NOTE: The responsi ble enforcenent authority should be
notified at |east 30 days prior to the test date to all ow
sufficient time for sanple delivery.

8.0 Sample Collection, Preservation, Storage, and
Transport.

NOTE: Because of the conplexity of this nethod,
testers and anal ysts should be trained and experienced with
the procedures to ensure reliable results.

8.1 Sanpling.

8.1.1 Pretest Preparation. Follow the general
procedure given in Method 5, Section 8.1, except the filter
need only be desiccated and weighed if a particul ate

determnation will be conduct ed.
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8.1.2 Prelimnary Determ nations. Sane as Method 5,
Section 8. 2.

8.1.3 Preparation of Sanpling Train. Follow the
general procedure given in Method 5, Section 8.1.3, except
for the follow ng variations: Add 50 ml of 0.1 N H,SO, to
t he condensate inpinger, if used. Place 100 M of 0.1 N
H,SO, in each of the next two inpingers. Place 100 m of
0.1 N NaOH in each of the followng two inpingers. Finally,
transfer approximately 200-300 g of prewei ghed silica gel
fromits container to the last inpinger. Set up the train
as in Figure 26A-1. \Wen used, the optional cyclone is
i nserted between the probe liner and filter hol der and
| ocated in the heated filter box.

8.1.4 Leak-Check Procedures. Follow the |eak-check
procedures given in Method 5, Sections 8.4.2 (Pretest Leak-
Check), 8.4.3 (Leak-Checks During the Sanple Run), and 8.4.4
(Post - Test Leak- Check) .

8.1.5 Sampling Train Operation. Follow the general
procedure given in Method 5, Section 8. 5. It is inportant
to maintain a tenperature around the probe, filter (and
cyclone, if used) of greater than 120°C (248 °F) since it is
extrenely difficult to purge acid gases off these
conponents. (These conponents are not quantitatively
recovered and hence any collection of acid gases on these

conponents would result in potential undereporting these
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em ssions. The applicable subparts may specify alternative
hi gher tenperatures.) For each run, record the data
required on a data sheet such as the one shown in Method 5,
Figure 5-3. |If the condensate inpinger becones too full, it
may be enptied, recharged with 50 mMl of 0.1 N H,SO,, and
replaced during the sanple run. The condensate enptied nust
be saved and included in the neasurenent of the volunme of
noi sture collected and included in the sanple for analysis.
The additional 50 m of absorbing reagent nust al so be
considered in calculating the noisture. Before the sanpling
train integrity is conprom sed by renoving the inpinger,
conduct a | eak-check as described in Method 5, Section
8.4.2.

8.1.6 Post-Test Misture Renmoval (Optional). Wen
the optional cyclone is included in the sanpling train or
when liquid is visible on the filter at the end of a sanple
run even in the absence of a cyclone, performthe follow ng
procedure. Upon conpletion of the test run, connect the
anbient air conditioning tube at the probe inlet and operate
the train with the filter heating systemat |east 120°C
(248 °F) at alowflowrate (e.g., D) H=1in. HO to
vaporize any |liquid and hydrogen halides in the cycl one or
on the filter and pull themthrough the train into the
i npingers. After 30 mnutes, turn off the flow, renove the

condi tioning tube, and exam ne the cyclone and filter for
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any visible liquid. |If liquidis visible, repeat this step
for 15 mnutes and observe again. Keep repeating until the
cyclone is dry.

NOTE: It is critical that this is repeated until the
cyclone is conpletely dry.

8.2 Sanple Recovery. Allow the probe to cool. Wen
t he probe can be handl ed safely, w pe off all the external
surfaces of the tip of the probe nozzle and place a cap
| oosely over the tip to prevent gaining or |osing
particulate matter. Do not cap the probe tip tightly while
the sanpling train is cooling down because this will create
a vacuumin the filter holder, drawing water fromthe
i npingers into the holder. Before noving the sanpling train
to the cleanup site, renove the probe fromthe sanple train
w pe off any silicone grease, and cap the open outlet of the
i npi nger train, being careful not to | ose any condensate
that m ght be present. Wpe off any silicone grease and cap
the filter or cyclone inlet. Renove the unbilical cord from
the last inpinger and cap the inpinger. |If a flexible Iine
is used between the first inpinger and the filter holder,
di sconnect it at the filter holder and |l et any condensed
water drain into the first inpinger. Wpe off any silicone
grease and cap the filter holder outlet and the inpinger

inlet. Gound glass stoppers, plastic caps, serum caps,
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Teflon tape, Parafilm or alumnumfoil may be used to cl ose
t hese openings. Transfer the probe and filter/inpinger
assenbly to the cleanup area. This area should be clean and
protected fromthe weather to mnimze sanple contam nation
or loss. Inspect the train prior to and during disassenbly
and note any abnormal conditions. Treat sanples as foll ows:

8.2.1 Container No. 1 (Optional; Filter Catch for
Particulate Determ nation). Sanme as Method 5, Section
8.7.6.1, Container No. 1.

8.2.2 Container No. 2 (Optional; Front-Half Rinse for
Particulate Determ nation). Sanme as Method 5, Section
8.7.6.2, Container No. 2.

8.2.3 Container No. 3 (Knockout and Acid | npinger
Catch for Mdisture and Hydrogen Halide Determ nation).

Di sconnect the inpingers. Measure the liquid in the acid
and knockout inpingers to +1 ml by using a graduated
cylinder or by weighing it to +0.5 g by using a bal ance.
Record the volunme or weight of liquid present. This
information is required to cal culate the noi sture content of
the effluent gas. Quantitatively transfer this liquid to a
| eak-free sanple storage container. Rinse these inpingers
and connecting gl assware including the back portion of the
filter holder (and flexible tubing, if used) with water and
add these rinses to the storage container. Seal the

contai ner, shake to mx, and label. The fluid | evel should
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be marked so that if any sanple is lost during transport, a
correction proportional to the | ost volume can be applied.
Retain rinse water and aci di c absorbi ng solution blanks to
be anal yzed with the sanpl es.

8.2.4 Container No. 4 (Al kaline Inpinger Catch for
Hal ogen and Moi sture Determ nation). Measure and record the
liquid in the alkaline inpingers as described in
Section 8.2.3. Quantitatively transfer this liquid to a
| eak-free sanple storage container. R nse these two
i npi ngers and connecting glassware with water and add these
rinses to the container. Add 25 ng of sodiumthiosulfate
per ppm hal ogen anticipated to be in the stack gas
multiplied by the volune (dscm of stack gas sanpled (0.7
nmg/ ppm dscf). Seal the container, shake to m x, and | abel;
mark the fluid level. Retain alkaline absorbing solution
bl ank to be anal yzed with the sanpl es.

NOTE: 25 ng per sodiumthiosul fate per ppm hal ogen
anticipated to be in the stack includes a safety factor of
approximately 5 to assure conplete reaction with the
hypohal ous acid to forma second C - ion in the al kaline
sol uti on.

8.2.5 Container No. 5 (Silica Gel for Misture
Determ nation). Sane as Method 5, Section 8.7.6. 3,

Container No. 3.
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8.2.6 Container Nos. 6 through 9 (Reagent Bl anks).
Save portions of the absorbing reagents (0.1 N H,SO, and 0.1
N NaOH) equivalent to the anmount used in the sanpling train;
dilute to the approxi mte volunme of the correspondi ng
sanples using rinse water directly fromthe wash bottle
being used. Add the sane ratio of sodiumthiosulfate
solution used in container No. 4 to the 0.1 N NaCH absor bi ng
reagent blank. Also, save a portion of the rinse water
al one and a portion of the acetone equivalent to the anount
used to rinse the front half of the sanpling train. Place
each in a separate, prel abel ed sanpl e contai ner.

8.2.7 Prior to shipment, recheck all sanple
containers to ensure that the caps are well-secured. Seal
the lids of all containers around the circunference with
Teflon tape. Ship all liquid sanples upright and al
particulate filters with the particul ate catch facing

upwar d.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Quality Control

Section Measur e Ef f ect
8.1.4, Sanpl i ng equi pnent Ensure accurate
10.1 | eak- check and measur enent of stack gas
cal i bration flowrate, sanple vol une
11.5 Audi t sanpl e Eval uate anal yst's
anal ysi s t echni que and st andards

preparation

9.1 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Probe Nozzle, Pitot Tube Assenbly, Dry Gas
Metering System Probe Heater, Tenperature Sensors, Leak-
Check of Metering System and Baroneter. Sanme as Method 5,
Sections 10.1, 10.2, 10.3, 10.4, 10.5, 8.4.1, and 10. 6,
respectively.

10.2 1on Chromatograph.

10.2.1 To prepare the calibration standards, dilute
given amounts (1.0 m or greater) of the stock standard
solutions to convenient volunes, using 0.1 N H,SO, or
0.1 N NaOH, as appropriate. Prepare at |east four

calibration standards for each absorbi ng reagent containing
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the three stock solutions such that they are within the
Iinear range of the field sanples.

10.2.2 Using one of the standards in each series,
ensure adequat e baseline separation for the peaks of
i nterest.

10.2.3 Inject the appropriate series of calibration
standards, starting with the | owest concentration standard
first both before and after injection of the quality control
check sanple, reagent blanks, and field sanples. This
al l ows conmpensation for any instrunent drift occurring
during sanmple analysis. The values fromduplicate
injections of these calibration sanples should agree within
5 percent of their nean for the analysis to be valid.

10.2.4 Determ ne the peak areas, or height, of the
st andards and pl ot individual values versus halide ion
concentrations in pg/m.

10.2.5 Draw a snmooth curve through the points. Use
linear regression to calculate a fornula describing the
resulting |inear curve.

11.0 Analytical Procedures.

NOTE: the liquid levels in the sanple containers and
confirmon the analysis sheet whether or not | eakage
occurred during transport. |If a noticeable | eakage has

occurred, either void the sanple or use nethods, subject to
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the approval of the Adm nistrator, to correct the final
results.

11.1 Sanpl e Anal ysis.

11.1.1 The IC conditions wll depend upon anal yti cal
colum type and whet her suppressed or non-suppressed ICis
used. An exanple chromatogram from a non-suppressed system
using a 150-mm Ham | ton PRP- X100 anion colum, a 2 m/mn
flowrate of a 4 nM 4-hydroxy benzoate solution adjusted to
a pHof 86 using 1 N NaCH, a 50 pl sanple | oop, and a
conductivity detector set on 1.0 uS full scale is shown in
Figure 26-2.

11.1.2 Before sanple analysis, establish a stable
baseline. Next, inject a sanple of water, and determne if
any Cl-, Br, or F appears in the chromatogram [|f any of
these ions are present, repeat the |load/injection procedure
until they are no |longer present. Analysis of the acid and
al kal i ne absorbi ng sol ution sanples requires separate
standard cali bration curves; prepare each according to
Section 10.2. Ensure adequate baseline separation of the
anal yses.

11.1.3 Between injections of the appropriate series
of calibration standards, inject in duplicate the reagent
bl anks, quality control sanple, and the field sanples.
Measure the areas or heights of the -, Br-, and F peaks.

Use the nmean response of the duplicate injections to
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determ ne the concentrations of the field sanples and
reagent bl anks using the linear calibration curve. The
values fromduplicate injections should agree within 5
percent of their mean for the analysis to be valid. |If the
val ues of duplicate injections are not wwthin 5 percent of
the mean, the duplicator injections shall be repeated and
all four values used to determ ne the average response.
Dilute any sanple and the blank with equal volunmes of water
if the concentration exceeds that of the highest standard.

11.2 Container Nos. 1 and 2 and Acetone Bl ank
(Optional; Particulate Determnation). Sanme as Method 5,
Sections 11.2.1 and 11.2.2, respectively.

11.3 Container No. 5. Same as Method 5, Section
11.2.3 for silica gel

11.4 Audit Sanple Anal ysis.

11.4.1 Wen the nmethod is used to anal yze sanples to
denonstrate conpliance with a source em ssion regulation, a
set of two EPA audit sanples nust be anal yzed, subject to
avai lability.

11.4.2 Concurrently analyze the audit sanples and the
conpliance sanples in the sane nmanner to eval uate the
techni que of the anal yst and the standards preparation.

11. 4.3 The sanme anal yst, analytical reagents, and
anal ytical systemshall be used for the conpliance sanpl es

and the EPA audit sanples. |If this condition is net,
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duplicate auditing of subsequent conpliance anal yses for the
sane enforcenent agency within a 30-day period is waived.
An audit sanple set may not be used to validate different
sets of conpliance sanples under the jurisdiction of
separate enforcenent agencies, unless prior arrangenents
have been nmade with both enforcenent agencies.

11.5 Audit Sanple Results.

11.5.1 Calculate the concentrations in ng/L of audit
sanpl e and submt results follow ng the instructions
provided with the audit sanples.

11.5.2 Report the results of the audit sanples and
t he conpliance determ nation sanples along with their
identification nunbers, and the analyst's nanme to the
responsi bl e enforcenent authority. Include this information
wth reports of any subsequent conpliance anal yses for the
sanme enforcenent authority during the 30-day period.

11.5.3 The concentrations of the audit sanples
obt ai ned by the analyst shall agree within 10 percent of the
actual concentrations. |If the 10 percent specification is
not net, reanalyze the conpliance and audit sanples, and
include initial and reanalysis values in the test report.

11.5.4 Failure to neet the 10 percent specification
may require retests until the audit problens are resol ved.
However, if the audit results do not affect the conpliance

or nonconpliance status of the affected facility, the
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Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the
affected facility.
12.0. Data Analysis and Calculations.

NOTE: Retain at |east one extra decinmal figure beyond
those contained in the available data in internediate
cal cul ations, and round off only the final answer
appropriately.

12.1 Nonmenclature. Sanme as Method 5, Section 12.1

I n addition:

By, = Mass concentration of applicable absorbing
solution blank, pg halide ion (G-, Br, F)/nm,
not to exceed 1 pg/m which is 10 tinmes the
publ i shed anal ytical detection |imt of 0.1
pg/m. (It is also approximately 5 percent of
the mass concentration anticipated to result
froma one hour sanple at 10 ppmv HO .)

C = Concentration of hydrogen halide (HX) or hal ogen

(X)), dry basis, ng/dscm

A
I

102 ny/ pg.

£

1.028 (pg HA / pg-nole)/ (pg A -/ pg-nol e).
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Kg = 1.013 (pg HBr/ ug-nole)/ (pg Br-/ ug-nol e).

Keg = 1.053 (pg HF/ pg-nole)/ (ng F/ug-nole).

my = Mass of HO, HBr, or HF in sanple, ug.

m., = Mss of C, or Br, in sanple, ug.

Sy = Analysis of sanple, ug halide ion (Cl-, Br-,
F)y/m.

Ve = Volune of filtered and diluted sanple, nl.

12.2 Calculate the exact d-, Br, and F
concentration in the halide salt stock standard sol utions
using the foll owm ng equati ons.
pug A -/mM = g of Nad x 10% x 35.453/58. 44 Eq. 26A-1
Mg Br-/m = g of NaBr x 10° x 79.904/102. 90 Eq. 26A-2
ug F/m = g of NaF x 10% x 18.998/41.99 Eq. 26A-3
12.3 Average Dry Gas Meter Tenperature and Average
Oifice Pressure Drop. See data sheet (Figure 5-3 of
Met hod 5).
12.4 Dry Gas Volune. Calculate Vysq and adjust for
| eakage, if necessary, using the equation in Section 12.3 of
Met hod 5.
12.5 Vol unme of Water Vapor and Moisture Content.
Cal cul ate the volunme of water vapor Vy.q and noisture
content B, fromthe data obtained in this nethod
(Figure 5-3 of Method 5); use Equations 5-2 and 5-3 of

Met hod 5.
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12.6 |Isokinetic Variation and Acceptable Results.
Use Method 5, Section 12.11

12.7 Acetone Bl ank Concentration, Acetone Wash Bl ank
Resi due Wi ght, Particul ate Weight, and Particul ate
Concentration. For particul ate determ nation.

12.8 Total pg HA, HBr, or HF Per Sanple.

Mx = K wr, e Vs (Se - Bx) Eq. 26A-4

12.9 Total pg A, or Br, Per Sanpl e.

Me = Vs (Sx - Bx) Eq. 26A-5

12.10 Concentration of Hydrogen Halide or Hal ogen in
Fl ue Gas.

C = K My x/ Vista) Eq. 26A-6

12.11 Stack Gas Velocity and Volunetric Fl ow Rate.

Cal cul ate the average stack gas velocity and volunetric fl ow
rate, if needed, using data obtained in this nethod and the
equations in Sections 12.3 and 12.4 of Method 2.

3.0 Method Performance.

13.1 Precision and Bias. The nethod has a possible
nmeasur abl e negati ve bias bel ow 20 ppm HO perhaps due to
reaction with small ampunts of noisture in the probe and
filter. Simlar bias for the other hydrogen halides is
possi bl e.

13.2 Sanple Stability. The collected C- sanples can

be stored for up to 4 weeks for analysis for HJO and d ..
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13.3 Detection Limt. A typical analytical detection
[imt for HO is 0.2 pyg/m. Detection limts for the other
anal yses should be simlar. Assumng 300 mM of liquid
recovered for the acidified inpingers and a simlar anounts
recovered fromthe basic inpingers, and 1 dscm of stack gas
sanpl ed, the analytical detection limts in the stack gas

woul d be about 0.04 ppmfor HO and O 2, respectively.
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14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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Figure 26A-1. Sampling Train
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METHOD 29 - DETERMINATION OF METALS EMISSIONS
FROM STATIONARY SOURCES

NOTE: This nethod does not include all of the
specifications (e.g. equi pnent and supplies) and procedures
(e.g., sanpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this method should have a

t hor ough knowl edge of at | east the follow ng additional test

met hods: Method 5 and Met hod 12.
1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No.

Anti nony (Sb) 7440- 36-0
Arseni c (As) 7440- 38- 2
Bari um ( Ba) 7440- 39-3
Beryl lium (Be) 7440-41-7
Cadmi um ( Cd) 7440-43-9
Chrom um (Cr) 7440-47-3
Cobal t (Co) 7440- 48- 4
Copper (Cu) 7440-50- 8
Lead (Pb) 7439-92-1
Manganese (M) 7439-96-5
Mercury (Hg) 7439-97-6
Ni ckel (N) 7440-02-0
Phosphorus (P) 7723-14-0
Sel eni um ( Se) 7782-49-2
Silver (AQ) 7440-22-4
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Anal yt e CAS No.
Thal l'ium (TI) 7440- 28-0
Zinc (Zn) 7440- 66- 6

1.2 Applicability. This nmethod is applicable to the
determ nation of netals em ssions from stationary sources.
This method may be used to determi ne particul ate em ssions
in addition to the netals em ssions if the prescribed
procedures and precautions are foll owed.

1.2.1 Hg em ssions can be neasured, alternatively,
usi ng EPA Met hod 101A of Appendix B, 40 CFR Part 61. Method
101- A neasures only Hg but it can be of special interest to
sources which need to neasure both Hg and Mh em ssions.

2.0 Summary of Method.

2.1 Principle. A stack sanple is w thdrawn
i sokinetically fromthe source, particulate em ssions are
collected in the probe and on a heated filter, and gaseous
em ssions are then collected in an aqueous acidic solution
of hydrogen peroxide (analyzed for all netals including Hg)
and an aqueous acidic solution of potassium pernmanganate
(anal yzed only for Hg). The recovered sanples are digested,
and appropriate fractions are analyzed for Hg by cold vapor
at om ¢ absorption spectroscopy (CVAAS) and for Sh, As, Ba,
Be, Cd, C, Co, Cu, Pb, WMn, N, P, Se, Ag, Tl, and Zn by

i nductively coupled argon plasnma em ssi on spectroscopy
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(I CAP) or atom c absorption spectroscopy (AAS). Gaphite
furnace atom c absorption spectroscopy (GFAAS) is used for
anal ysis of Sh, As, Cd, Co, Pb, Se, and Tl if these elenents
require greater analytical sensitivity than can be obtai ned
by 1CAP. If one so chooses, AAS may be used for anal ysis of
all listed netals if the resulting in-stack nmethod detection
limts neet the goal of the testing program Simlarly,
i nductively coupl ed pl asma- mass spectroscopy (I CP-MS) may be
used for analysis of Sb, As, Ba, Be, Cd, C, Co, Cu, Pb, M,
Ni, Ag, Tl and Zn.
3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 lron (Fe) can be a spectral interference during
the analysis of As, C, and Cd by ICAP. Alum num (Al) can
be a spectral interference during the analysis of As and Pb
by CAP. Cenerally, these interferences can be reduced by
diluting the analytical sanple, but such dilution raises the
i n-stack detection |imts. Background and overl ap
corrections may be used to adjust for spectral
interferences. Refer to Method 6010 of Reference 2 in
Section 16.0 or the other anal ytical nethods used for
details on potential interferences to this nethod. For al
GFAAS anal yses, use matrix nodifiers to limt interferences,

and matri x match all standards.
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5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and to determne the applicability of regulatory Iimtations
prior to performng this test nethod.

5.2 Corrosive Reagents. The follow ng reagents are
hazardous. Personal protective equi pnent and safe
procedures are useful in preventing chem cal splashes. |If
contact occurs, imrediately flush with copi ous anmounts of
wat er at |east 15 mnutes. Renove clothing under shower and
decontam nate. Treat residual chem cal burn as thernal
bur n.

5.2.1 Ntric Acid (HNG). Highly corrosive to eyes,
skin, nose, and lungs. Vapors cause bronchitis, pneunonia,
or edema of lungs. Reaction to inhalation nay be del ayed as
long as 30 hours and still be fatal. Provide ventilation to
[imt exposure. Strong oxidizer. Hazardous reaction may
occur with organic materials such as sol vents.

5.2.2 Sulfuric Acid (HSO). Rapidly destructive to
body tissue. WII| cause third degree burns. Eye danage nmay

result in blindness. Inhalation may be fatal from spasm of
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the larynx, usually within 30 m nutes. My cause | ung
ti ssue damage with edema. 1 ng/n? for 8 hours will cause
| ung damage or, in higher concentrations, death. Provide
ventilation to limt inhalation. Reacts violently with
nmetal s and organi cs.

5.2.3 Hydrochloric Acid (HO). Hi ghly corrosive
[iquid with toxic vapors. Vapors are highly irritating to
eyes, skin, nose, and |lungs, causing severe damage. My
cause bronchitis, pneunonia, or edema of |lungs. Exposure to
concentrations of 0.13 to 0.2 percent can be lethal to
humans in a few mnutes. Provide ventilation to limt
exposure. Reacts with netals, producing hydrogen gas.

5.2.4 Hydrofluoric Acid (HF). Highly corrosive to
eyes, skin, nose, throat, and lungs. Reaction to exposure
may be del ayed by 24 hours or nore. Provide ventilation to
limt exposure.

5.2.5 Hydrogen Peroxide (HG). Irritating to eyes,
skin, nose, and lungs. 30%HO, is a strong oxidi zi ng
agent. Avoid contact with skin, eyes, and conbustible
material. War gl oves when handli ng.

5.2.6 Potassium Permanganate (KWVhQ,). Caustic, strong
oxidizer. Avoid bodily contact wth.

5.2.7 Potassium Persulfate. Strong oxidizer. Avoid
bodily contact with. Keep containers well closed and in a

cool pl ace.
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5.3 Reaction Pressure. Due to the potential reaction
of the potassium permanganate with the acid, there could be
pressure buildup in the acidic KMiQ, absorbing sol ution
storage bottle. Therefore these bottles shall not be fully
filled and shall be vented to relieve excess pressure and
prevent explosion potentials. Venting is required, but not
in a manner that will allow contam nation of the sol ution.
A No. 70-72 hole drilled in the container cap and Tefl on
i ner has been used.

6.0 Equipment and Supplies.

6.1 Sanpling. A schematic of the sanpling train is
shown in Figure 29-1. It has general simlarities to the
Met hod 5 train.

6.1.1 Probe Nozzle (Probe Tip) and Borosilicate or
Quartz 3 ass Probe Liner. Sane as Method 5, Sections
6.1.1.1 and 6.1.1.2, except that glass nozzles are required
unless alternate tips are constructed of materials that are
free fromcontam nation and will not interfere with the
sanple. If a probe tip other than glass is used, no
correction to the sanple test results to conpensate for the
nozzle's effect on the sanple is allowed. Probe fittings of
pl astic such as Tefl on, polypropylene, etc. are reconmended

instead of nmetal fittings to prevent contam nation. |If one
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chooses to do so, a single glass piece consisting of a
conbi ned probe tip and probe |liner may be used.

6.1.2 Pitot Tube and Differential Pressure Gauge.
Sanme as Method 2, Sections 6.1 and 6.2, respectively.

6.1.3 Filter Holder. dass, sane as Method 5,

Section 6.1.1.5, except use a Teflon filter support or other
non-netal lic, non-contam nating support in place of the
glass frit.

6.1.4 Filter Heating System Sanme as Method 5,
Section 6.1.1.6.

6.1.5 Condenser. Use the follow ng system for
condensi ng and col |l ecting gaseous netals and determ ning the
noi sture content of the stack gas. The condensi ng system
shal | consist of four to seven inpingers connected in series
with leak-free ground glass fittings or other |eak-free,
non-contam nating fittings. Use the first inpinger as a
noi sture trap. The second inpinger (which is the first
HNGO,/ H,O, i nmpi nger) shall be identical to the first inpinger
in Method 5. The third inpinger (which is the second
HNO,/ H,O, i npi nger) shall be a G eenburg Smith inpinger with
the standard tip as described for the second inpinger in
Met hod 5, Section 6.1.1.8. The fourth (enpty) inpinger and
the fifth and sixth (both acidified KWQ,) inpingers are the
sane as the first inpinger in Method 5. Place a tenperature

sensor capable of measuring to within 1°C (2°F) at the
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outlet of the last inpinger. |[If no Hg analysis is planned,
then the fourth, fifth, and sixth inpingers are not used.

6.1.6 Metering System Baroneter, and Gas Density
Det erm nati on Equi prent. Same as Method 5, Sections
6.1.1.9, 6.1.2, and 6.1.3, respectively.

6.1.7 Teflon Tape. For capping openi ngs and seal ing
connections, if necessary, on the sanpling train.

6.2 Sanple Recovery. Sane as Method 5, Sections 6.2.1
t hrough 6.2.8 (Probe-Liner and Probe-Nozzle Brushes or
Swabs, Wash Bottles, Sanple Storage Containers, Petri
D shes, G ass Graduated Cylinder, Plastic Storage
Cont ai ners, Funnel and Rubber Policeman, and d ass Funnel),
respectively, with the foll ow ng exceptions and additions:

6.2.1 Non-netallic Probe-Liner and Probe-Nozzle
Brushes or Swabs. Use non-netallic probe-liner and probe-
nozzl e brushes or swabs for quantitative recovery of
materials collected in the front-half of the sanpling train.

6.2.2 Sanple Storage Containers. Use glass bottles
(see Section 8.1 of this Method) with Teflon-1ined caps that
are non-reactive to the oxidizing solutions, wth capacities
of 1000- and 500-m, for storage of acidified KVhO,-
cont ai ni ng sanpl es and bl anks. d ass or pol yet hyl ene
bottl es may be used for other sanple types.

6.2.3 Gaduated Cylinder. d ass or equivalent.

6.2.4 Funnel. dass or equivalent.
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6.2.5 Labels. For identifying sanples.

6.2.6 Pol ypropyl ene Tweezers and/or Pl astic 4 oves.
For recovery of the filter fromthe sanpling train filter
hol der.

6.3 Sanple Preparation and Anal ysis.

6.3.1 Volunetric Flasks, 100-m, 250-m, and 1000-m .
For preparation of standards and sanple dil utions.

6.3.2 Gaduated Cylinders. For preparation of
reagents.

6.3.3 Parr Bonbs or Mcrowave Pressure Relief Vessels
with Capping Station (CEM Corporation nodel or equivalent).
For sanpl e di gestion.

6.3.4 Beakers and Watch d asses. 250-m beakers, with
wat ch gl ass covers, for sanple digestion.

6.3.5 Ring Stands and O anps. For securing equi pnment
such as filtration apparat us.

6.3.6 Filter Funnels. For holding filter paper.

6.3.7 Disposable Pasteur Pipets and Bul bs.

6.3.8 Volunetric Pipets.

6.3.9 Analytical Balance. Accurate to within 0.1 ny.

6.3.10 M crowave or Conventional Oven. For heating
sanples at fixed power |evels or tenperatures, respectively.

6.3.11 Hot Pl ates.

6.3.12 Atom c Absorption Spectroneter (AAS). Equi pped

wi th a background corrector.
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6.3.12.1 G aphite Furnace Attachment. Wth Sb, As,
Cd, Co, Pb, Se, and Tl hollow cathode |anps (HCLs) or
el ectrodel ess discharge |lanps (EDLs). Sane as Reference 2
in Section 16.0. Methods 7041 (Sb), 7060 (As), 7131 (Cd),
7201 (Co), 7421 (Pb), 7740 (Se), and 7841 (Tl).

6.3.12.2 Cold Vapor Mercury Attachnment. Wth a
mercury HCL or EDL, an air recirculation punp, a quartz
cell, an aerator apparatus, and a heat |anp or desiccator
tube. The heat |anp shall be capable of raising the
tenperature at the quartz cell by 10C above anbient, so
that no condensation forns on the wall of the quartz cell.
Same as Method 7470 in Reference 2 in Section 16.0. See
NOTE 2: Section 11.1.3 for other acceptabl e approaches for
analysis of Hg in which analytical detection limts of 0.002
ng/ mM were obtai ned.

6.3.13 Inductively Coupled Argon Plasma Spectroneter.
Wth either a direct or sequential reader and an al um na
torch. Sane as EPA Method 6010 in Reference 2 in
Section 16. 0.

6.3.14 Inductively Coupl ed Pl asma- Mass Spectroneter.
Sanme as EPA Method 6020 in Reference 2 in Section 16.0.
7.0 Reagents and Standards.

7.1 Unless otherwise indicated, it is intended that

all reagents conformto the specifications established by
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the Commttee on Anal ytical Reagents of the Anerican
Chem cal Society, where such specifications are avail abl e.
O herwi se, use the best avail abl e grade.

7.2 Sanpling Reagents.

7.2.1 Sanple Filters. Wthout organic binders. The
filters shall contain less than 1.3 pg/in.2 of each of the
metals to be neasured. Analytical results provided by
filter manufacturers stating nmetals content of the filters
are acceptable. However, if no such results are avail abl e,
anal yze filter blanks for each target netal prior to
em ssion testing. Quartz fiber filters neeting these
requi renents are recommended. However, if glass fiber
filters beconme avail able which neet these requirenents, they
may be used. Filter efficiencies and unreactiveness to
sul fur dioxide (SO) or sulfur trioxide (SO) shall be as
described in Section 7.1.1 of Method 5.

7.2.2 Water. To conformto ASTM Specification D1193-
77 or 91, Type Il (incorporated by reference -- see 860.17).
| f necessary, analyze the water for all target metals prior
to field use. Al target netals should be less than 1
ng/ m .

7.2.3 HNGO,, Concentrated. Baker Instra-analyzed or
equi val ent .

7.2.4 HO, Concentrated. Baker Instra-analyzed or

equi val ent .
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7.2.5 HO, 30 Percent (V/IV).

7.2.6 KMO,.

7.2.7 H,SO, Concentrated.

7.2.8 Silica Gel and Crushed Ice. Sane as Method 5,
Sections 7.1.2 and 7.1.4, respectively.

7.3 Pretest Preparation of Sanpling Reagents.

7.3.1 HNOJ/ HO, Absorbing Solution, 5 Percent HNGO,/ 10
Percent H,O,. Add carefully with stirring 50 m of
concentrated HNO, to a 1000-m volunetric flask containing
approxi mately 500 m of water, and then add carefully with
stirring 333 ml of 30 percent HO.. Dilute to volunme with
water. Mx well. This reagent shall contain |less than 2
ng/ M of each target netal

7.3.2 Acidic KWO, Absorbing Solution, 4 Percent KWMhG,
(WV), 10 Percent HSO, (MV). Prepare fresh daily. Mx
carefully, with stirring, 100 m of concentrated HSO, into
approxi mately 800 m of water, and add water with stirring
to make a volume of 1 liter: this solution is 10 percent
HSO, (V/V). Dissolve, with stirring, 40 g of KMhQ, into 10
percent H,SO, (V/V) and add 10 percent H,SO, (V/V) with
stirring to nmake a volune of 1 liter. Prepare and store in
gl ass bottles to prevent degradation. This reagent shal

contain less than 2 ng/m of Hg.



1473

Precaution: To prevent autocatal ytic deconposition of

t he permanganate solution, filter the solution through
What man 541 filter paper.

7.3.3 HNO;,, 0.1 N Add with stirring 6.3 m of
concentrated HNO;, (70 percent) to a flask containing
approximately 900 m of water. Dilute to 1000 Ml wth
water. Mx well. This reagent shall contain |less than 2
ng/ mM of each target netal.

7.3.4 HOA, 8 N Carefully add with stirring 690 m of
concentrated HC to a flask containing 250 m of water.
Dilute to 1000 Ml with water. Mx well. This reagent shall
contain less than 2 ng/m of Hg.

7.4 d assware Cl eani ng Reagents.

7.4.1 HNGO,, Concentrated. Fisher ACS grade or
equi val ent .

7.4.2 Water. To conformto ASTM Specifications D1193,
Type I|1.

7.4.3 HNO;,, 10 Percent (V/V). Add with stirring
500 m of concentrated HNO, to a flask containing
approximately 4000 m of water. Dilute to 5000 M with
water. Mx well. This reagent shall contain |less than 2
ng/ mM of each target netal.

7.5 Sanple Digestion and Anal ysis Reagents. The

metal s standards, except Hg, may al so be made fromsolid
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chem cals as described in Reference 3 in Section 16.0.
Refer to References 1, 2, or 5 in Section 16.0 for
additional information on Hg standards. The 1000 pg/ m Hg
stock solution standard may be made according to
Section 7.2.7 of Method 101A

7.5.1 HA, Concentrated.

7.5.2 HF, Concentrated.

7.5.3 HNGO,, Concentrated. Baker Instra-analyzed or
equi val ent .

7.5.4 HNO;,, 50 Percent (V/V). Add with stirring
125 m of concentrated HNO, to 100 ml of water. Dilute to
250 M with water. Mx well. This reagent shall contain
| ess than 2 ng/m of each target netal.

7.5.5 HNO;,, 5 Percent (V/V). Add with stirring 50 ni
of concentrated HNO, to 800 ml of water. Dilute to 1000 n
with water. Mx well. This reagent shall contain |ess than
2 ng/mM of each target netal

7.5.6 Water. To conformto ASTM Specifications D1193,
Type |1.

7.5.7 Hydroxyl am ne Hydrochl ori de and Sodi um Chl ori de
Solution. See Reference 2 In Section 16.0 for preparation.

7.5.8 Stannous Chloride. See Reference 2 in
Section 16.0 for preparation.

7.5.9 KMQ, 5 Percent (WV). See Reference 2 in

Section 16.0 for preparation.
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7.5.10 H,SQO,, Concentr at ed.

7.5.11 Potassium Persulfate, 5 Percent (WV). See

Ref erence 2 in Section 16.0 for preparation.
7.5.12 Nickel Ntrate, N (NOj), 6H,0.
7.5.13 Lant hanum Oxi de, La,0s.

7.5.14 Hg Standard (AAS Grade), 1000 pg/nm.

7.5.15 Pb Standard (AAS Grade), 1000 pg/ m.
7.5.16 As Standard (AAS Grade), 1000 pg/nm.
7.5.17 Cd Standard (AAS Grade), 1000 pg/m.
7.5.18 O Standard (AAS Grade), 1000 pg/ m.
7.5.19 Sb Standard (AAS Grade), 1000 pg/m.
7.5.20 Ba Standard (AAS Grade), 1000 pg/m.
7.5.21 Be Standard (AAS Grade), 1000 pg/m.
7.5.22 Co Standard (AAS Grade), 1000 pg/m.
7.5.23 Cu Standard (AAS Grade), 1000 pg/m.
7.5.24 M Standard (AAS Grade), 1000 pg/ m.
7.5.25 N Standard (AAS Grade), 1000 pg/nm.
7.5.26 P Standard (AAS Grade), 1000 pg/m.
7.5.27 Se Standard (AAS Grade), 1000 pg/nm.
7.5.28 Ag Standard (AAS Grade), 1000 pg/m.
7.5.29 TI Standard (AAS Grade), 1000 pg/m.
7.5.30 Zn Standard (AAS Grade), 1000 pg/ m.
7.5.31 Al Standard (AAS Grade), 1000 pg/m.
7.5.32 Fe Standard (AAS Grade), 1000 pg/m.
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7.5.33 Hg Standards and Quality Control Sanples.
Prepare fresh weekly a 10 pg/m internmedi ate Hg standard by
adding 5 m of 1000 pg/m Hg stock solution prepared
according to Method 101A to a 500-m volunetric fl ask;
dilute with stirring to 500 mM by first carefully adding 20
m of 15 percent HNO, and then adding water to the 500-nmi
volume. Mx well. Prepare a 200 ng/m working Hg standard
solution fresh daily: add 5 m of the 10 pg/m internedi ate
standard to a 250-m volunetric flask, and dilute to 250 ni
wth 5 mM of 4 percent KMnQ,, 5 m of 15 percent HNO,, and
then water. Mx well. Use at least five separate aliquots
of the working Hg standard solution and a blank to prepare
the standard curve. These aliquots and bl ank shall contain
0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 m of the working standard
sol ution containing 0, 200, 400, 600, 800, and 1000 ng Hg,
respectively. Prepare quality control sanples by making a
separate 10 pg/m standard and diluting until in the
cal i bration range.

7.5.34 | CAP Standards and Quality Control Sanples.
Cali bration standards for | CAP anal ysis can be conbined into
four different m xed standard solutions as follows:

M XED STANDARD SOLUTI ONS FOR | CAP ANALYSI S

Sol uti on El enent s

| As, Be, Cd, WMn,
Pb, Se, Zn
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I Ba, Co, Cu, Fe
1] A, C, N
|V Ag, P, Sb, TI

Prepare these standards by conbining and diluting the
appropriate volunes of the 1000 pg/m solutions with 5
percent HNO,. A m ninum of one standard and a bl ank can be
used to formeach calibration curve. However, prepare a
separate quality control sanple spiked wth known anmounts of
the target netals in quantities in the md-range of the
calibration curve. Suggested standard |evels are 25 g/ m
for AI, C and Pb, 15 pg/m for Fe, and 10 pg/m for the
remai ni ng el ements. Prepare any standards containing | ess
than 1 pg/mM of nmetal on a daily basis. Standards
containing greater than 1 pg/m of nmetal should be stable
for a mnimumof 1 to 2 weeks. For ICP-Ms, follow Method
6020 in EPA Publication SW846 Third Edition (Novenmber 1986)
i ncludi ng updates I, 11, I1A 1IBand Ill, as incorporated
by reference in 860.17(i).

7.5.35 GFAAS Standards. Sb, As, Cd, Co, Pb, Se, and
TI. Prepare a 10 pg/m standard by adding 1 m of 1000
pug/ M standard to a 100-m volunetric flask. Dilute with
stirring to 100 M with 10 percent HNO,. For GFAAS, matri X
match the standards. Prepare a 100 ng/ M standard by addi ng

1 mM of the 10 pg/mM standard to a 100-m vol unetric fl ask,
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and dilute to 100 M with the appropriate matri x sol ution.
Prepare other standards by diluting the 100 ng/m standards.
Use at |least five standards to nake up the standard curve.
Suggested | evels are 0, 10, 50, 75, and 100 ng/m . Prepare
quality control sanples by making a separate 10 pg/
standard and diluting until it is in the range of the
sanpl es. Prepare any standards containing |less than 1 pg/n
of netal on a daily basis. Standards containing greater
than 1 pg/ M of metal should be stable for a mnimumof 1 to
2 weeks.

7.5.36 Matrix Modifiers.

7.5.36.1 Nickel Ntrate, 1 Percent (V/V). Dissolve
4.956 g of Ni (NOj),-6H,0 or other nickel conpound suitable
for preparation of this matrix nodifier in approxinmately 50
m of water in a 100-m volunetric flask. Dilute to 100 mi
with water.

7.5.36.2 Nickel Ntrate, 0.1 Percent (V/V). D lute
10 mM of 1 percent nickel nitrate solution to 100 mM wth
water. Inject an equal anount of sanple and this nodifier
into the graphite furnace during GFAAS anal ysis for As.

7.5.36.3 Lanthanum Carefully dissolve 0.5864 g of
La,0; in 10 mM of concentrated HNO;, and dilute the sol ution
by adding it with stirring to approximately 50 ml of water.

Dilute to 100 M with water, and mx well. 1Inject an equal
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anmount of sanple and this nodifier into the graphite furnace
duri ng GFAAS anal ysis for Pb.

7.5.37 \Whatman 40 and 541 Filter Papers (or
equivalent). For filtration of digested sanples.

8.0 Sample Collection, Preservation, Transport, and

Storage.

8.1 Sampling. The conplexity of this nmethod is such
that, to obtain reliable results, both testers and anal ysts
nmust be trained and experienced with the test procedures,

i ncl udi ng source sanpling; reagent preparation and handli ng;
sanpl e handling; safety equi pnment and procedures; analytical
cal cul ations; reporting; and the specific procedural
descriptions throughout this nethod.

8.1.1 Pretest Preparation. Follow the sanme general
procedure given in Method 5, Section 8.1, except that,
unl ess particulate em ssions are to be determ ned, the
filter need not be desiccated or weighed. First, rinse al
sanpling train glassware with hot tap water and then wash in
hot soapy water. Next, rinse glassware three tinmes with tap
water, followed by three additional rinses with water. Then
soak all glassware in a 10 percent (V/V) nitric acid
solution for a mnimumof 4 hours, rinse three tines with

water, rinse a final tine with acetone, and allow to air
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dry. Cover all glassware openi ngs where contam nati on can
occur until the sanpling train is assenbled for sanpling.

8.1.2 Prelimnary Determ nations. Sane as Method 5,
Section 8.1.2.

8.1.3 Preparation of Sanpling Train.

8.1.3.1 Set up the sanpling train as shown in Figure
29-1. Follow the sane general procedures given in Method 5,
Section 8.3, except place 100 m of the HNGOJ/HO, solution
(Section 7.3.1 of this nethod) in each of the second and
third inpingers as shown in Figure 29-1. Place 100 m of
t he aci di ¢ KWnQ, absorbing solution (Section 7.3.2 of this
met hod) in each of the fifth and sixth inpingers as shown in
Figure 29-1, and transfer approxinmately 200 to 300 g of pre-
wei ghed silica gel fromits container to the |ast inpinger.
Alternatively, the silica gel may be weighed directly in the
i npinger just prior to final train assenbly.

8.1.3.2 Based on the specific source sanpling
conditions, the use of an enpty first inpinger can be
elimnated if the noisture to be collected in the inpingers
will be | ess than approximately 100 m .

8.1.3.3 If Hg analysis wll not be performed, the
fourth, fifth, and sixth inpingers as shown in Figure 29-1
are not required.

8.1.3.4 To insure |eak-free sanpling train connections

and to prevent possible sanple contam nation problens, use
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Tefl on tape or other non-contam nating material instead of
silicone grease.

Precaution: Exercise extrene care to prevent

contam nation within the train. Prevent the acidic KVhQ,
fromcontacting any gl assware that contains sanple materi al
to be analyzed for Mh. Prevent acidic HO frommxing with
t he aci di ¢ KWhQ,.

8.1.4 Leak-Check Procedures. Follow the |eak-check
procedures given in Method 5, Section 8.4.2 (Pretest Leak-
Check), Section 8.4.3 (Leak-Checks During the Sanpl e Run),
and Section 8.4.4 (Post-Test Leak-Checks).

8.1.5 Sampling Train Operation. Follow the procedures
given in Method 5, Section 8.5. Wen sanpling for Hg, use a
procedure anal ogous to that described in Section 8.1 of
Met hod 101A, 40 CFR Part 61, Appendix B, if necessary to
mai ntain the desired color in the last acidified
per manganate i npinger. For each run, record the data
required on a data sheet such as the one shown in Figure 5-3
of Method 5.

8.1.6 Calculation of Percent |sokinetic. Sane as
Met hod 5, Section 12.11

8.2 Sanmpl e Recovery.

8.2.1 Begin cleanup procedures as soon as the probe is

removed fromthe stack at the end of a sanpling period. The
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probe should be allowed to cool prior to sanple recovery.
When it can be safely handl ed, w pe off all external
particul ate matter near the tip of the probe nozzle and
pl ace a rinsed, non-contam nating cap over the probe nozzle
to prevent losing or gaining particulate matter. Do not cap
the probe tip tightly while the sanpling train is cooling; a
vacuum can formin the filter holder with the undesired
result of drawing liquid fromthe inpingers onto the filter.

8.2.2 Before noving the sanpling train to the cl eanup
site, renove the probe fromthe sanpling train and cap the
open outlet. Be careful not to | ose any condensate that
m ght be present. Cap the filter inlet where the probe was
fastened. Renove the unbilical cord fromthe |ast inpinger
and cap the inpinger. Cap the filter hol der outlet and
i npinger inlet. Use non-contam nating caps, whether ground-
gl ass stoppers, plastic caps, serumcaps, or Teflon® tape to
cl ose these openings.

8.2.3 Alternatively, the follow ng procedure nay be
used to disassenble the train before the probe and filter
hol der/ oven are conpletely cooled: Initially disconnect the
filter holder outlet/inpinger inlet and | oosely cap the open
ends. Then di sconnect the probe fromthe filter hol der or
cyclone inlet and | oosely cap the open ends. Cap the probe

tip and renove the unbilical cord as previously descri bed.



1483

8.2.4 Transfer the probe and filter-inpinger assenbly
to a cleanup area that is clean and protected fromthe w nd
and ot her potential causes of contam nation or |oss of
sanple. Inspect the train before and during di sassenbly and
note any abnormal conditions. Take special precautions to
assure that all the itens necessary for recovery do not
contam nate the sanples. The sanple is recovered and
treated as follows (see schematic in Figures 29-2a and
29- 2b) :

8.2.5 Container No. 1 (Sanple Filter). Carefully
renmove the filter fromthe filter holder and place it inits
| abel ed petri dish container. To handle the filter, use
ei ther aci d-washed pol ypropyl ene or Tefl on coated tweezers
or clean, disposable surgical gloves rinsed with water and
dried. |If it is necessary to fold the filter, nmake certain
the particulate cake is inside the fold. Carefully transfer
the filter and any particulate matter or filter fibers that
adhere to the filter hol der gasket to the petri dish by
using a dry (acid-cleaned) nylon bristle brush. Do not use
any netal -containing materials when recovering this train.
Seal the | abeled petri dish.

8.2.6 Container No. 2 (Acetone Rinse). Performthis
procedure only if a determ nation of particulate em ssions
is to be made. Quantitatively recover particulate matter

and any condensate fromthe probe nozzle, probe fitting,
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probe liner, and front half of the filter hol der by washing
t hese conponents with a total of 100 m of acetone, while
simul taneously taking great care to see that no dust on the
out side of the probe or other surfaces gets in the sanple.
The use of exactly 100 ml is necessary for the subsequent
bl ank correction procedures. Distilled water may be used
i nstead of acetone when approved by the Adm nistrator and
shal | be used when specified by the Adm nistrator; in these
cases, save a water blank and follow the Adm nistrator's
di rections on anal ysis.

8.2.6.1 Carefully renove the probe nozzle, and cl ean
the inside surface by rinsing with acetone froma wash
bottle while brushing wwth a non-netallic brush. Brush
until the acetone rinse shows no visible particles, then
make a final rinse of the inside surface with acetone.

8.2.6.2 Brush and rinse the sanpl e exposed inside
parts of the probe fitting with acetone in a simlar way
until no visible particles remain. Rinse the probe liner
with acetone by tilting and rotating the probe while
squirting acetone into its upper end so that all inside
surfaces will be wetted wth acetone. Allow the acetone to
drain fromthe lower end into the sanple container. A
funnel may be used to aid in transferring liquid washings to
the container. Follow the acetone rinse with a non-netallic

probe brush. Hold the probe in an inclined position, squirt
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acetone into the upper end as the probe brush is being
pushed with a twisting action three tines through the probe.
Hol d a sanpl e container underneath the | ower end of the
probe, and catch any acetone and particulate matter which is
brushed through the probe until no visible particulate
matter is carried out wwth the acetone or until none remains
in the probe liner on visual inspection. Rinse the brush
with acetone, and quantitatively collect these washings in
the sanple container. After the brushing, nmake a final
acetone rinse of the probe as described above.

8.2.6.3 It is recommended that two people clean the
probe to mnimze sanple | osses. Between sanpling runs,
keep brushes clean and protected fromcontam nation. C ean
the inside of the front-half of the filter hol der by rubbing
the surfaces with a non-netallic brush and rinsing with
acetone. R nse each surface three tines or nore if needed
to renove visible particulate. Mke a final rinse of the
brush and filter holder. After all acetone washings and
particul ate matter have been collected in the sanple
container, tighten the lid so that acetone will not |eak out
when shipped to the | aboratory. WMark the height of the
fluid level to determ ne whether or not | eakage occurred
during transport. Clearly |label the container to identify

its contents.



1486

8.2.7 Container No. 3 (Probe Rinse). Keep the probe
assenbly clean and free from contam nati on during the probe
rinse. Rinse the probe nozzle and fitting, probe liner, and
front-half of the filter holder thoroughly wwth a total of
100 M of 0.1 N HNGO,, and place the wash into a sanple
storage container. Performthe rinses as applicable and
generally as described in Method 12, Section 8.7.1. Record
the volune of the rinses. Mark the height of the fluid
| evel on the outside of the storage container and use this
mark to determne if | eakage occurs during transport. Seal
the container, and clearly | abel the contents. Finally,
rinse the nozzle, probe liner, and front-half of the filter
hol der with water foll owed by acetone, and discard these
ri nses.

NOTE: The use of a total of exactly 100 m is
necessary for the subsequent blank correction procedures.

8.2.8 Container No. 4 (Inpingers 1 through 3, Misture
Knockout | npi nger, when used, HNGO/ HO, | npingers Contents
and Rinses). Due to the potentially large quantity of
liquid involved, the tester may place the inpinger solutions
frominpingers 1 through 3 in nore than one container, if
necessary. Measure the liquid in the first three inpingers
towthin 0.5 m using a graduated cylinder. Record the

volunme. This information is required to calculate the
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nmoi sture content of the sanpled flue gas. C ean each of the
first three inpingers, the filter support, the back half of
the filter housing, and connecting glassware by thoroughly
rinsing with 100 mM of 0.1 N HNO, using the procedure as
applicable in Method 12, Section 8.7.3.

NOTE: The use of exactly 100 ml of 0.1 N HNO, rinse is
necessary for the subsequent blank correction procedures.
Conbi ne the rinses and i npinger solutions, neasure and
record the final total volune. Mark the height of the fluid
| evel, seal the container, and clearly | abel the contents.

8.2.9 Container Nos. 5A (0.1 N HNGO), 5B (KWhWGO/ H,SO,
absorbing solution), and 5C (8 N HCl rinse and dilution).

8.2.9.1 Wien sanpling for Hg, pour all the liquid from
the inmpinger (normally inpinger No. 4) that inmmediately
preceded the two permanganate inpingers into a graduated
cylinder and neasure the volunme to within 0.5 m. This
information is required to cal culate the noi sture content of
the sanpled flue gas. Place the liquid in Container No. 5A
Rinse the inpinger with exactly 100 m of 0.1 N HNO, and
pl ace this rinse in Container No. 5A

8.2.9.2 Pour all the liquid fromthe two pernmanganate
i npingers into a graduated cylinder and neasure the vol une
towwthin 0.5 mM. This infornmation is required to cal cul ate

the noi sture content of the sanpled flue gas. Place this
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acidic KWMhQ, solution into Container No. 5B. Using a total
of exactly 100 m of fresh acidified KVhQ, solution for all
rinses (approximately 33 nml per rinse), rinse the two
per manganat e i npi ngers and connecti ng gl assware a m ni num of
three tinmes. Pour the rinses into Container No. 5B,
carefully assuring transfer of all |oose precipitated
materials fromthe two inpingers. Simlarly, using
100 mM total of water, rinse the pernmanganate inpingers and
connecting glass a mnimumof three tinmes, and pour the
rinses into Container 5B, carefully assuring transfer of any
| oose precipitated material. Mark the height of the fluid

I evel, and clearly | abel the contents. Read the Precaution:

in Section 7.3. 2.

NOTE: Due to the potential reaction of KMIQ, with
acid, pressure buildup can occur in the sanple storage
bottles. Do not fill these bottles conpletely and take
precautions to relieve excess pressure. A No. 70-72 hole
drilled in the container cap and Teflon |iner has been used
successful ly.

8.2.9.3 If no visible deposits remain after the water
rinse, no further rinse is necessary. However, if deposits
remain on the inpinger surfaces, wash themwith 25 nm of 8 N
HC , and place the wash in a separate sanpl e contai ner

| abel ed No. 5C containing 200 m of water. First, place 200
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m of water in the container. Then wash the inpinger walls
and stemw th the HO by turning the inpinger on its side
and rotating it so that the HO contacts all inside
surfaces. Use a total of only 25 m of 8 N HO for rinsing

bot h per nanganat e i npi ngers conbi ned. Ri nse the first

i npi nger, then pour the actual rinse used for the first

i npinger into the second inpinger for its rinse. Finally,
pour the 25 mM of 8 NHO rinse carefully into the
container. Mark the height of the fluid |level on the
outside of the container to determne if | eakage occurs
during transport.

8.2.10 Container No. 6 (Silica CGel). Note the color
of the indicating silica gel to determ ne whether it has
been conpletely spent and make a notation of its condition.
Transfer the silica gel fromits inpinger to its origina
container and seal it. The tester may use a funnel to pour
the silica gel and a rubber policeman to renove the silica
gel fromthe inpinger. The small anmount of particles that
m ght adhere to the inpinger wall need not be renoved. Do
not use water or other liquids to transfer the silica gel
since weight gained in the silica gel inpinger is used for
nmoi sture calculations. Alternatively, if a balance is
available in the field, record the weight of the spent
silica gel (or silica gel plus inpinger) to the nearest

0.5 g.
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8.2.11 Container No. 7 (Acetone Blank). |If
particul ate em ssions are to be determ ned, at |east once
during each field test, place a 100-m portion of the
acetone used in the sanple recovery process into a container
| abel ed No. 7. Seal the container.

8.2.12 Container No. 8A (0.1 N HNO, Blank). At |east
once during each field test, place 300 m of the 0.1 N HNG
solution used in the sanple recovery process into a
cont ai ner | abel ed No. 8A. Seal the container.

8.2.13 Container No. 8B (Water Blank). At |east once
during each field test, place 100 mMl of the water used in
the sanpl e recovery process into a container |abeled No. 8B.
Seal the container.

8.2.14 Container No. 9 (5 Percent HNO)/ 10 Percent HO
Blank). At |east once during each field test, place 200 n
of the 5 Percent HNGO,/ 10 Percent HO, solution used as the
nitric acid inpinger reagent into a container |abeled No. 9.
Seal the container.

8.2.15 Container No. 10 (Acidified KMQ, Bl ank). At
| east once during each field test, place 100 m of the
acidified KMQ, sol ution used as the inpinger solution and
in the sanple recovery process into a container |abeled No.

10. Prepare the container as described in Section 8.2.9.2.
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Read t he Precaution: in Section 7.3.2 and read the NOTE in

Section 8.2.9. 2.

8.2.16 Container No. 11 (8 N HO Blank). At |east
once during each field test, place 200 m of water into a
sanpl e container |abeled No. 11. Then carefully add with
stirring 25 mM of 8 NHO. Mx well and seal the container.

8.2.17 Container No. 12 (Sanple Filter Blank). Once
during each field test, place into a petri dish |abel ed
No. 12 three unused blank filters fromthe same |ot as the
sanpling filters. Seal the petri dish

8.3 Sanple Preparation. Note the level of the liquid
in each of the containers and determne if any sanple was
| ost during shipnent. |[|f a noticeable anount of | eakage has
occurred, either void the sanple or use nethods, subject to
the approval of the Adm nistrator, to correct the final
results. A diagramillustrating sanple preparation and
anal ysis procedures for each of the sanple train conponents
is shown in Figure 29-3.

8.3.1 Container No. 1 (Sanple Filter).

8.3.1.1 If particulate em ssions are being determ ned,
first desiccate the filter and filter catch w thout added
heat (do not heat the filters to speed the drying) and weigh
to a constant weight as described in Section 11.2.1 of

Met hod 5.
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8.3.1.2 Following this procedure, or initially, if
particul ate em ssions are not being determned in addition
to netals analysis, divide the filter with its filter catch
into portions containing approximtely 0.5 g each. Place
the pieces in the analyst's choice of either individual
m crowave pressure relief vessels or Parr Bonbs. Add 6 ni
of concentrated HNO, and 4 ml of concentrated HF to each
vessel. For mcrowave heating, mcrowave the sanples for
approximately 12 to 15 mnutes total heating tine as
follows: heat for 2 to 3 mnutes, then turn off the
m crowave for 2 to 3 mnutes, then heat for 2 to 3 m nutes,
etc., continue this alternation until the 12 to 15 m nutes
total heating time are conpleted (this procedure shoul d
conprise approximately 24 to 30 mnutes at 600 watts).
M crowave heating times are approxi mate and are dependent
upon the nunber of sanples being digested sinultaneously.
Sufficient heating is evidenced by sorbent reflux wthin the
vessel . For conventional heating, heat the Parr Bonbs at
140°C (285°F) for 6 hours. Then cool the sanples to room
tenperature, and conbine with the acid digested probe rinse
as required in Section 8.3.3.

8.3.1.3 If the sanpling train includes an optional
gl ass cyclone in front of the filter, prepare and digest the

cycl one catch by the procedures described in Section 8.3.1.2
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and then conbine the digestate with the digested filter
sanpl e.

8.3.2 Container No. 2 (Acetone Rinse). Note the |evel
of liquid in the container and confirmon the anal ysis sheet
whet her or not | eakage occurred during transport. |If a
noti ceabl e anmount of | eakage has occurred, either void the
sanpl e or use nethods, subject to the approval of the
Adm nistrator, to correct the final results. Measure the
liquid in this container either volunetrically within 1 n
or gravinetrically within 0.5 g. Transfer the contents to
an aci d-cl eaned, tared 250-nm beaker and evaporate to
dryness at anbient tenperature and pressure. |f particul ate
em ssions are being determ ned, desiccate for 24 hours
wi t hout added heat, weigh to a constant weight according to
t he procedures described in Section 11.2.1 of Method 5, and
report the results to the nearest 0.1 ng. Redissolve the
residue with 10 ml of concentrated HNO,, Quantitatively
conbi ne the resultant sanple, including all liquid and any
particulate matter, with Contai ner No. 3 before begi nning
Section 8. 3. 3.

8.3.3 Container No. 3 (Probe Rinse). Verify that the
pH of this sanple is 2 or lower. |If it is not, acidify the
sanple by careful addition with stirring of concentrated
HNO, to pH 2. Use water to rinse the sanple into a beaker

and cover the beaker with a ribbed watch glass. Reduce the
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sanpl e volune to approximately 20 ml by heating on a hot
plate at a tenperature just below boiling. Digest the
sanple in mcrowave vessels or Parr Bonbs by quantitatively
transferring the sanple to the vessel or bonb, carefully
adding the 6 m of concentrated HNO;,, 4 m of concentrated
HF, and then continuing to follow the procedures described
in Section 8.3.1.2. Then conbine the resultant sanple
directly with the acid digested portions of the filter
prepared previously in Section 8.3.1.2. The resultant

conbi ned sanple is referred to as "Sanple Fraction 1".

Filter the conbi ned sanpl e using Wiat man 541 filter paper.
Dilute to 300 mM (or the appropriate volune for the expected
metals concentration) with water. This diluted sanple is

"Anal ytical Fraction 1". Measure and record the vol une of

Anal ytical Fraction 1 to within 0.1 mM. Quantitatively

renmove a 50-m aliquot and | abel as "Analytical Fraction

1B". Label the remaining 250-m portion as "Analytical

Fraction 1A". Analytical Fraction 1A is used for |CAP or

AAS analysis for all desired netals except Hg. Analytical

Fraction 1B is used for the determ nation of front-half Hg.
8.3.4 Container No. 4 (Inpingers 1-3). Measure and

record the total volunme of this sanple to within 0.5 m and

label it "Sanple Fraction 2". Renpove a 75- to 100-m

aliquot for Hg anal ysis and | abel the aliquot "Analytical

Fraction 2B". Label the remaining portion of Container
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No. 4 as "Sanple Fraction 2A". Sanple Fraction 2A defines

the vol une of Anal ytical Fraction 2A prior to digestion.

All of Sanple Fraction 2A is digested to produce "Anal yti cal

Fraction 2A". Analytical Fraction 2A defines the vol une of

Sanpl e Fraction 2A after its digestion and the vol une of
Anal ytical Fraction 2Ais normally 150 ml. Anal ytical
Fraction 2A is analyzed for all netals except Hg. Verify
that the pH of Sanple Fraction 2Ais 2 or lower. |If
necessary, use concentrated HNO, by careful addition and
stirring to | ower Sanple Fraction 2A to pH 2. Use water to
rinse Sanple Fraction 2A into a beaker and then cover the
beaker with a ribbed watchgl ass. Reduce Sanple Fraction 2A
to approximately 20 ml by heating on a hot plate at a
tenperature just below boiling. Then follow either of the
di gesti on procedures described in
Sections 8.3.4.1 or 8.3.4.2.

8.3.4.1 Conventional D gestion Procedure. Add 30 n
of 50 percent HNGO,, and heat for 30 mnutes on a hot plate
to just below boiling. Add 10 ml of 3 percent HO, and heat
for 10 nore mnutes. Add 50 ml of hot water, and heat the
sanple for an additional 20 mnutes. Cool, filter the
sanple, and dilute to 150 m (or the appropriate volunme for
t he expected netals concentrations) with water. This
di lution produces Anal ytical Fraction 2A. Measure and

record the volume to within 0.1 nl.
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8.3.4.2 Mcrowave Digestion Procedure. Add 10 m of
50 percent HNO, and heat for 6 mnutes total heating tinme in
alternations of 1 to 2 mnutes at 600 Watts followed by 1 to
2 mnutes with no power, etc., simlar to the procedure
described in Section 8.3.1. Allowthe sanple to cool. Add
10 M of 3 percent HO and heat for 2 nore mnutes. Add
50 m of hot water, and heat for an additional 5 m nutes.
Cool, filter the sanple, and dilute to 150 m (or the
appropriate volune for the expected netals concentrations)
with water. This dilution produces Analytical Fraction 2A
Measure and record the volunme to within 0.1 m.

NOTE: All mcrowave heating tinmes given are
approxi mate and are dependent upon the nunber of sanples
being digested at a tine. Heating tines as given above have
been found acceptable for sinultaneous digestion of up to 12
i ndi vidual sanples. Sufficient heating is evidenced by
solvent reflux within the vessel

8.3.5 Container No. 5A (Inpinger 4), Container Nos. 5B
and 5C (Inpingers 5 and 6). Keep the sanples in Containers
Nos. 5A, 5B, and 5C separate from each other. Measure and
record the volume of 5A to within 0.5 nml. Label the
contents of Container No. 5A to be Analytical Fraction 3A
To renpbve any brown MO, precipitate fromthe contents of

Container No. 5B, filter its contents through Watman 40
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filter paper into a 500 mM volunetric flask and dilute to
volunme with water. Save the filter for digestion of the
brown MO, precipitate. Label the 500 m filtrate from
Cont ai ner No. 5B to be Analytical Fraction 3B. Analyze
Anal ytical Fraction 3B for Hg within 48 hours of the
filtration step. Place the saved filter, which was used to
remove the brown MO, precipitate, into an appropriately
si zed vented container, which will allow rel ease of any
gases including chlorine formed when the filter is digested.
In a | aboratory hood which will renove any gas produced by
the digestion of the MnO,, add 25 m of 8 NHO to the
filter and allow to digest for a mninmmof 24 hours at room
tenperature. Filter the contents of Container No. 5C
t hrough a Whatman 40 filter into a 500-m volunetric fl ask
Then filter the result of the digestion of the brown MG
from Contai ner No. 5B through a Whatman 40 filter into the
sane 500-m volunetric flask, and dilute and mx well to
volume with water. Discard the Wiatman 40 filter. Mark
this conbined 500-m dilute HCO solution as Anal yti cal
Fraction 3C.

8.3.6 Container No. 6 (Silica Gel). Wigh the spent
silica gel (or silica gel plus inpinger) to the nearest
0.5 g using a bal ance.

9.0 Quality Control.
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9.1 Field Reagent Bl anks, if analyzed. Performthe
di gestion and anal ysis of the blanks in Container Nos. 7
through 12 that were produced in Sections 8.2.11 through
8.2.17, respectively. For Hg field reagent bl anks, use a
10 M aliquot for digestion and anal ysi s.

9.1.1 D gest and anal yze one of the filters from
Cont ai ner No. 12 per Section 8.3.1, 100 m from Cont ai ner
No. 7 per Section 8.3.2, and 100 ml from Contai ner No. 8A
per Section 8.3.3. This step produces bl anks for Anal ytical
Fractions 1A and 1B

9.1.2 Conbine 100 ml of Container No. 8A with 200 m
from Contai ner No. 9, and digest and anal yze the resultant
vol unme per Section 8.3.4. This step produces bl anks for
Anal ytical Fractions 2A and 2B.

9.1.3 Digest and analyze a 100-ml portion of Container
No. 8A to produce a blank for Analytical Fraction 3A

9.1.4 Conbine 100 m from Container No. 10 with 33 ni
from Container No. 8B to produce a blank for Anal ytica
Fraction 3B. Filter the resultant 133 ml as described for
Container No. 5B in Section 8.3.5, except do not dilute the
133 mMl. Analyze this blank for Hg within 48 hr of the
filtration step, and use 400 m as the bl ank vol unme when
cal cul ating the blank mass value. Use the actual vol unes of
t he ot her anal ytical blanks when cal culating their mass

val ues.
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9.1.5 Digest the filter that was used to renove any
brown MO, precipitate fromthe blank for Analytica
Fraction 3B by the sane procedure as described in
Section 8.3.5 for the simlar sanple filter. Filter the
di gestate and the contents of Container No. 11 through
VWhat man 40 paper into a 500-m volunetric flask, and dilute
to volume with water. These steps produce a bl ank for
Anal ytical Fraction 3C.

9.1.6 Analyze the blanks for Analytical Fraction
Bl anks 1A and 2A per Section 11.1.1 and/or Section 11.1.2.
Anal yze the bl anks for Analytical Fractions 1B, 2B, 3A, 3B,
and 3C per Section 11.1.3. Analysis of the blank for
Anal ytical Fraction 1A produces the front-half reagent bl ank
correction values for the desired netals except for Hg;
Anal ysis of the blank for Analytical Fraction 1B produces
the front-half reagent blank correction value for Hg.
Anal ysis of the blank for Analytical Fraction 2A produces
t he back-half reagent blank correction values for all of the
desired netal s except for Hg, while separate anal yses of the
bl anks for Anal ytical Fractions 2B, 3A, 3B, and 3C produce
t he back-half reagent blank correction value for Hg.

9.2 Quality Control Sanples. Analyze the follow ng
quality control sanples.

9.2.1 I1CAP and I CP-M5 Analysis. Follow the respective

quality control descriptions in Section 8 of Methods 6010
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and 6020 in EPA Publication SW846 Third Edition (Novenber
1986) including updates I, 11, I1A 1IBand IlIl, as
i ncorporated by reference in 860.17(i). For the purposes of
a source test that consists of three sanple runs, nodify
those requirenents to include the follow ng: two instrunment
check standard runs, two calibration blank runs, one
interference check sanple at the begi nning of the analysis
(anal yze by Method of Standard Additions unless within 25
percent), one quality control sanple to check the accuracy
of the calibration standards (required to be within 25
percent of calibration), and one duplicate anal ysis
(required to be within 20 percent of average or repeat al
anal yses).

9.2.2 Direct Aspiration AAS and/or GFAAS Anal ysis for
Sh, As, Ba, Be, Cd, Cu, Cr, Co, Pb, Ni, M1, Hg, P, Se, Ag,
TI, and Zn. Analyze all sanples in duplicate. Performa
matri x spi ke on at |east one front-half sanple and one back-
hal f sanple, or one conbined sanple. |[If recoveries of |ess
than 75 percent or greater than 125 percent are obtained for
the matri x spi ke, analyze each sanple by the Method of
Standard Additions. Analyze a quality control sanple to
check the accuracy of the calibration standards. |f the
results are not within 20 percent, repeat the calibration.

9.2.3 CVAAS Analysis for Hg. Analyze all sanples in

duplicate. Analyze a quality control sanple to check the
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accuracy of the calibration standards (if not wthin 15
percent, repeat calibration). Performa matrix spi ke on one
sanple (if not wthin 25 percent, analyze all sanples by the
Met hod of Standard Additions). Additional information on
quality control can be obtained from Method 7470 in EPA
Publ i cation SW846 Third Edition (Novenber 1986) incl uding
updates I, Il, IIA IIBand IIl, as incorporated by

reference in 860.17(i),or in Standard Methods for Water and

Wast ewat er Met hod 303F.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Sampling Train Calibration. Calibrate the
sanpling train conponents according to the indicated
sections of Method 5: Probe Nozzle (Section 10.1); Pitot
Tube (Section 10.2); Metering System (Section 10.3); Probe
Heater (Section 10.4); Tenperature Sensors (Section 10.5);
Leak- Check of the Metering System (Section 8.4.1); and
Baronmeter (Section 10.6).

10.2 Inductively Coupled Argon Pl asnma Spectroneter
Calibration. Prepare standards as outlined in Section 7.5.
Profile and calibrate the instrunent according to the
manuf acturer's recomended procedures using those standards.
Check the calibration once per hour. |If the instrunent does

not reproduce the standard concentrations within 10 percent,
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performthe conplete calibration procedures. Perform| CP-NM5
anal ysis by follow ng Method 6020 in EPA Publication SW846
Third Edition (Novenber 1986) including updates I, 1, IIA
1B and Il1, as incorporated by reference in 860.17(i).

10.3 Atom c Absorption Spectroneter - Direct
Aspi rati on AAS, GFAAS, and CVAAS anal yses. Prepare the
standards as outlined in Section 7.5 and use themto
calibrate the spectroneter. Calibration procedures are al so
outlined in the EPA nethods referred to in Table 29-2 and in
Met hod 7470 in EPA Publication SW846 Third Edition
(Novenber 1986) including updates I, I, I1A [IB and Il
as incorporated by reference in 860.17(i), or in Standard

Met hods for Water and Wastewater Method 303F (for Hg). Run

each standard curve in duplicate and use the nean values to
calculate the calibration line. Recalibrate the instrunent
approxi mately once every 10 to 12 sanpl es.

11.0 Analytical Procedure.

11.1 Sanmple Analysis. For each sanpling train sanple
run, seven individual analytical sanples are generated; two
for all desired nmetals except Hg, and five for Hg. A
schematic identifying each sanple container and the
prescribed anal ytical preparation and anal ysis schene is
shown in Figure 29-3. The first two anal ytical sanples,

| abel ed Anal ytical Fractions 1A and 1B, consist of the
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di gested sanples fromthe front-half of the train
Anal ytical Fraction 1A is for |ICAP, ICP-M5 or AAS anal ysis
as described in Sections 11.1.1 and 11.1.2, respectively.
Anal ytical Fraction 1B is for front-half Hg anal ysis as
described in Section 11.1.3. The contents of the back-half
of the train are used to prepare the third through seventh
anal ytical sanples. The third and fourth anal yti cal
sanpl es, | abel ed Anal ytical Fractions 2A and 2B, contain the
sanples fromthe noisture renoval inpinger No. 1, if used,
and HNGO,/ H,O, i npingers Nos. 2 and 3. Analytical Fraction 2A
is for ICAP, ICP-MS or AAS analysis for target netals,
except Hg. Analytical Fraction 2B is for analysis for Hg.
The fifth through seventh anal ytical sanples, |abeled
Anal ytical Fractions 3A, 3B, and 3C, consist of the inpinger
contents and rinses fromthe enpty inpinger No. 4 and the
H,SO,/ KMO, | npi ngers Nos. 5 and 6. These anal ytical sanples
are for analysis for Hg as described in Section 11.1.3. The
total back-half Hg catch is determ ned fromthe sum of
Anal ytical Fractions 2B, 3A, 3B, and 3C. Analytical
Fractions 1A and 2A can be conbi ned proportionally prior to
anal ysi s.

11.1.1 1 CAP and I CP-MS Analysis. Analyze Anal ytical
Fractions 1A and 2A by | CAP using Method 6010 or Met hod
200.7 (40 CFR 136, Appendix C). Calibrate the |ICAP, and set

up an anal ysis program as described in Method 6010 or Met hod
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200.7. Follow the quality control procedures described in
Section 9.2.1. Recommended wavel engths for analysis are as
shown in Table 29-2. These wavel engt hs represent the best
conbi nation of specificity and potential detection l[imt.
O her wavel engths may be substituted if they can provide the
needed specificity and detection limt, and are treated with
the sane corrective techniques for spectral interference.
Initially, analyze all sanples for the target netals (except
Hg) plus Fe and AI. If Fe and Al are present, the sanple
m ght have to be diluted so that each of these elenents is
at a concentration of less than 50 ppmso as to reduce their
spectral interferences on As, Cd, C, and Pb. Perform
| CP- M5 anal ysis by following Method 6020 i n EPA Publication
SW 846 Third Edition (Novenber 1986) including updates |
1, I'l'A 11IBand Ill, as incorporated by reference in
860. 17(i).

NOTE: Wen anal yzing sanples in a HF matrix, an
alum na torch should be used; since all front-half sanples
will contain HF, use an alumna torch

11.1.2 AAS by Direct Aspiration and/ or GFAAS. |If
analysis of netals in Analytical Fractions 1A and 2A by
usi ng GFAAS or direct aspiration AAS is needed, use Table
29-3 to determ ne which techniques and procedures to apply

for each target netal. Use Table 29-3, if necessary, to
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determ ne techniques for mnimzation of interferences.
Calibrate the instrunment according to Section 10.3 and
follow the quality control procedures specified in
Section 9. 2. 2.

11.1.3 CVAAS Hg anal ysis. Analyze Anal ytical
Fractions 1B, 2B, 3A, 3B, and 3C separately for Hg using
CVAAS follow ng the nethod outlined in Method 7470 in EPA
Publ i cation SW846 Third Edition (Novenber 1986) incl uding
updates I, IIl, IIA IIBand IIl, as incorporated by

reference in 860.17(i), or in Standard Methods for Water and

Wast ewat er Anal ysis, 15th Edition, Method 303F, or,

optionally using NOTE No. 2 at the end of this section. Set

up the calibration curve (zero to 1000 ng) as described in
Met hod 7470 or simlar to Method 303F using 300-mi BOD
bottles instead of Erlenmeyers. Performthe follow ng for
each Hg analysis. From each original sanple, select and
record an aliquot in the size range from1 m to 10 m. |If
no prior know edge of the expected anmpbunt of Hg in the
sanple exists, a 5 m aliquot is suggested for the first

dilution to 100 mM (see NOTE No. 1 at end of this section).

The total amount of Hg in the aliquot shall be less than 1
pmg and within the range (zero to 1000 ng) of the calibration
curve. Place the sanple aliquot into a separate 300-nmi BOD

bottle, and add enough water to make a total volune of 100
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m. Next add to it sequentially the sanple digestion
solutions and performthe sanple preparation described in
the procedures of Method 7470 or Method 303F. (See NOTE No.
2 at the end of this section). If the maxi mumreadi ngs are
of f-scal e (because Hg in the aliquot exceeded the
calibration range; including the situation where only a 1-n
al i quot of the original sanple was digested), then dilute
the original sanple (or a portion of it) with 0.15 percent
HNO, (1.5 ml concentrated HNO, per liter aqueous sol ution)
so that when a 1- to 10-m aliquot of the "0.15 HNO, percent
dilution of the original sanple" is digested and anal yzed by
t he procedures descri bed above, it will yield an anal ysis
wi thin the range of the calibration curve.

NOTE No. 1: Wien Hg levels in the sanple fractions are
bel ow the in-stack detection [imt given in Table 29-1,
select a 10 m aliquot for digestion and anal ysis as
descri bed.

NOTE No. 2: Optionally, Hg can be anal yzed by using
t he CVAAS anal ytical procedures given by sone instrunent
manufacturer's directions. These include calibration and
quality control procedures for the Leeman Mbddel PS200, the
Perkin El mer FIAS systens, and simlar nodels, if avail able,
of other instrunment manufacturers. For digestion and

anal yses by these instrunents, performthe follow ng two
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steps: (1), Digest the sanple aliquot through the addition
of the aqueous hydroxyl am ne hydrochl ori de/ sodi um chl ori de
solution the sanme as described in this section: (The

Leenan, Perkin Elner, and simlar instrunents described in

this note add automatically the necessary stannous chloride

solution during the automated analysis of Hg.); (2), Upon

conpl etion of the digestion described in (1), analyze the
sanpl e according to the instrunment manufacturer's
directions. This approach allows nultiple (including
duplicate) automated anal yses of a digested sanple aliquot.
12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

A = Analytical detection |limt, pug/m.

B = Liquid volune of digested sanple prior to
aliquotting for analysis, m.

C = Stack sanple gas vol unme, dsnt.

Ca = Concentration of nmetal in Analytical
Fraction 1A as read fromthe standard
curve, pg/m.

Co = Concentration of nmetal in Analytical
Fraction 2A as read fromthe standard
curve, (pg/m).

C = Concentration of a netal in the stack gas

nmg/ dscm
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| n-stack detection limt, pug/nt.
Aliquot factor, volunme of Sanple Fraction 2
di vi ded by volunme of Sanple Fraction 2A
(see Section 8.3.4.)
Dilution factor (Fy; = the inverse of the
fractional portion of the concentrated
sanple in the solution actually used in the
instrunment to produce the reading C,. For
exanple, if a 2 m aliquot of Analytical
Fraction 1A is diluted to 10 Ml to place it
in the calibration range, F; = 5).
Total mass of Hg collected in the back-half
of the sanpling train, pug.
Total mass of Hg collected in Sanple
Fraction 2, pug.
Total mass of Hg collected separately in
Fraction 3A, 3B, or 3C, pug.
Bl ank correction value for mass of Hg
detected in back-half field reagent
bl anks, ug.
Total mass of Hg collected in the front-
hal f of the sanpling train (Sanple

Fraction 1), pg.
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Bl ank correction value for mass of Hg
detected in front-half field reagent
bl ank, pg.
Total mass of Hg collected in the sanpling
train, pg.
Total mass of each netal (except Hg)
collected in the back-half of the sanpling
train (Sanple Fraction 2), ug.
Bl ank correction value for nmass of netal
detected in back-half field reagent blank,
Hg.
Total mass of each netal (except Hg)
collected in the front half of the
sanpling train (Sanple Fraction 1), ug.
Bl ank correction value for nmass of netal
detected in front-half field reagent
bl ank, pg.
Total mass of each netal (separately
stated for each netal) collected in the
sanpling train, pg.
Total mass of that netal collected in the
sanpling train, pg; (substitute Hg, for M
for the Hg cal cul ation).
Quantity of Hg, pg, TOTAL in the ALI QUOT

of Anal ytical Fraction 2B selected for



Q)h3(A, B, O

G

1510
di gestion and analysis . NOTE: For
exanple, if a 10 m aliquot of Analytical
Fraction 2B is taken and di gested and
anal yzed (according to Section 11.1.3 and
its NOTES Nos. 1 and 2), then calcul ate
and use the total anmpbunt of Hg in the 10
m aliquot for Q..

Quantity of Hg, pg, TOTAL, separately, in

the ALI QUOT of Analvytical Fraction 3A, 3B,

or 3C selected for digestion and anal ysis

(see NOTES in Sections 12.7.1 and 12.7.2
describing the quantity "Q' and cal cul ate
simlarly).

Quantity of Hg, pg, TOTAL in the ALI QUOT

of Anal yvtical Fraction 1B selected for

di gesti on and anal ysis . NOTE: For

exanple, if a 10 m aliquot of Analytical
Fraction 1B is taken and di gested and
anal yzed (according to Section 11.1.3 and
its NOTES Nos. 1 and 2), then calcul ate
and use the total anmpbunt of Hg in the 10
m aliquot for Q..

Total volunme of digested sanple solution

(Anal ytical Fraction 2A), m (see
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Section 8.3.4.1 or 8.3.4.2, as
appl i cabl e).
Vol une of aliquot of Analytical Fraction
1B anal yzed, ml. NOTE: For exanple, if a
1 m aliquot of Analytical Fraction 1B was
diluted to 50 M with 0.15 percent HNO, as
described in Section 11.1.3 to bring it
into the proper analytical range, and then
1 mM of that 50-m was digested accordi ng
to Section 11.1.3 and anal yzed, V;;; would
be 0.02 m .
Vol une of Anal ytical Fraction 2B anal yzed,
m . NOTE: For exanple, if 1 m of
Anal ytical Fraction 2B was diluted to 10
m with 0.15 percent HNO, as described in
Section 11.1.3 to bring it into the proper
anal ytical range, and then 5 m of that 10
m was anal yzed, V;,; would be 0.5 nl.
Vol une, separately, of Analytical Fraction
3A, 3B, or 3C analyzed, nml (see previous
notes in Sections 12.7.1 and 12.7. 2,
describing the quantity "V' and cal cul ate

simlarly).
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Vista) = Vol unme of gas sanple as neasured by the
dry gas neter, corrected to dry standard
condi tions, dscm
Vsoin, 1 = Total volune of digested sanple solution

(Anal ytical Fraction 1), m.

Vol n, 1 = Total volunme of Analytical Fraction 1, nl.
Vol n, 2 = Total volunme of Sanple Fraction 2, m.
Vsoin 3(as o=  Total volune, separately, of Analytica

Fraction 3A, 3B, or 3C, m.

Ky = 10 ny/ pg.

12.2 Dry Gas Volune. Using the data fromthis test,
cal cul ate Vysq, the dry gas sanple volune at standard
conditions as outlined in Section 12.3 of Method 5.

12.3 Vol unme of Water Vapor and Moisture Content.
Using the total volune of condensate collected during the
source sanpling, calculate the volume of water vapor Vg
and the noisture content B, of the stack gas. Use
Equations 5-2 and 5-3 of Method 5.

12.4 Stack Gas Velocity. Using the data fromthis
test and Equation 2-9 of Method 2, cal cul ate the average
stack gas velocity.

12.5 In-Stack Detection Limts. Calculate the in-
stack nmethod detection limts shown in Table 29-4 using the

conditions described in Section 13.3.1 as foll ows:
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Ax?B::D Eq. 29-1

12.6 Metals (Except Hg) in Source Sanple.

12.6.1 Analytical Fraction 1A, Front-Half, Mtals
(except Hg). Calculate separately the anount of each netal
collected in Sanple Fraction 1 of the sanpling train using

the foll om ng equati on:

I\/1lh:Cal|:d\/soIn,l Eq- 29-2

NOTE: If Analytical Fractions 1A and 2A are conbi ned,
use proportional aliquots. Then nmake appropriate changes in
Equations 29-2 through 29-4 to reflect this approach.

12.6.2 Analytical Fraction 2A, Back-Half, Metals
(except Hg). Calculate separately the anount of each netal
collected in Fraction 2 of the sanpling train using the

foll ow ng equati on:
N!t)h :Caz I:aVa Eq - 29-3
12.6.3 Total Train, Metals (except Hg). Calculate the

total amount of each of the quantified nmetals collected in

the sanpling train as foll ows:

M =(MyMp) (M, ~Myp) Eq. 29-4
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NOTE: |If the neasured bl ank value for the front half
(Mpp) is inthe range 0.0 to "A" pg [where "A" pg equal s the
val ue deternmined by multiplying 1.4 pg/in.? tinmes the actual
area inin.? of the sanple filter], use M, to correct the
em ssion sanple value (My); if M,, exceeds "A" ug, use the
greater of | or I1I:

. "A" ug.

1. the lesser of (a) My, or (b) 5 percent of M,.
| f the nmeasured bl ank value for the back-half (M, is in
the range 0.0 to 1 pg, use M,, to correct the em ssion
sanple value (My); Iif M, exceeds 1 pug, use the greater of I
or |1I:

l. 1 pug.

1. the lesser of (a) My, or (b) 5 percent of M.

12.7 Hg in Source Sanpl e.

12.7.1 Analytical Fraction 1B; Front-Half Hg.
Cal cul ate the amobunt of Hg collected in the front-half,
Sanple Fraction 1, of the sanpling train by using Equation
29-5:

Qn

Vf 1B

Hgfh - (Vsol n,l) Eq- 29-5

12.7.2 Analytical Fractions 2B, 3A, 3B, and 3C, Back

Hal f Hg.
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12.7.2.1 Calculate the amount of Hg collected in

Sanpl e Fraction 2 by using Equation 29-6:

_ Qe

Hgbhz -
Vf 2B

( Vsol n, 2) Eq. 29-6

12.7.2.2 Calculate each of the back-half Hg val ues for

Anal ytical Fractions 3A, 3B, and 3C by using Equation 29-7:

Qnacas o
Hgth(A, BO Ty (Vsoln,S(A, B,C,)) Eq. 29-7
f3(A B, Q)

12.7.2.3 Calculate the total anmpbunt of Hg collected in

t he back-half of the sanpling train by using Equation 29-8:

FOun = F0pno *FOpnaa * Fpnss * Mpnac Eq. 29-8

12.7.3 Total Train Hg Catch. Calculate the total
anmount of Hg collected in the sanpling train by using
Equation 29-9:

Hg, =(Hg;, -Hap,,) +(HI,, —Ha,,) Eq. 29-9

NOTE: |If the total of the neasured bl ank val ues (Hg:p,
+ Hgpw) 1S iNn the range of 0.0 to 0.6 pg, then use the total
to correct the sanple value (Hg;, + Hg,,); iIf it exceeds 0.6
Mg, use the greater of |I. or I1I:

l. 0.6 pg.
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I1. the lesser of (a) (HYin, + HIpw)» Or (b) 5 percent
of the sanple value (Hg;, + Hgy) .
12.8 Individual Metal Concentrations in Stack Gas.
Cal cul ate the concentration of each netal in the stack gas
(dry basis, adjusted to standard conditions) by using

Equati on 29-10:

K
C = — M Eq. 29-10
Vv
n(std)

12.9 |Isokinetic Variation and Acceptable Results.

Sanme as Method 5, Sections 12.11 and 12. 12, respectively.
13.0 Method Performance.

13.1 Range. For the analysis described and for
simlar analyses, the | CAP response is |inear over several
orders of nmagnitude. Sanples containing netal
concentrations in the nanograns per m (ng/m) to m crograns
per M (pg/mM) range in the final analytical solution can be
anal yzed using this nmethod. Sanples containing greater than
approximately 50 pg/m As, Cr, or Pb should be diluted to
that level or lower for final analysis. Sanples containing
greater than approximately 20 pg/m of Cd should be diluted
to that | evel before analysis.

13.2 Analytical Detection Limts.
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NOTE: See Section 13.3 for the description of in-stack

detection limts.

13.2.1 |1 CAP analytical detection limts for the sanple
solutions (based on SW846, Method 6010) are approxi mately
as follows: Sb (32 ng/m), As (53 ng/m), Ba (2 ng/nm),

Be (0.3 ng/m), Cd (4 ng/mM), C (7 ng/m), Co (7 ng/m),

Cu (6 ng/m), Pb (42 ng/m), M (2 ng/m), N (15 ng/m),

P (75 ng/mM), Se (75 ng/m), Ag (7 ng/m), Tl (40 ng/m),
and Zn (2 ng/m). [1CP-Ms analytical detection |[imts (based
on SW846, Method 6020) are |ower generally by a factor of
ten or nore. Be is lower by a factor of three. The actual
sanpl e anal ytical detection limts are sanple dependent and
may vary due to the sanple matrix.

13.2.2 The analytical detection |imts for analysis by
direct aspiration AAS (based on SW 846, Method 7000 series)
are approximately as follow Sb (200 ng/m), As (2 ng/nm),
Ba (100 ng/m), Be (5 ng/mM), Cd (5 ng/m), C (50 ng/m),
Co (50 ng/m), Cu (20 ng/m), Pb (100 ng/m), M (10 ng/m),
Ni (40 ng/m), Se (2 ng/m), Ag (10 ng/m), TI (100 ng/m),
and Zn (5 ng/m).

13.2.3 The detection limt for Hg by CVAAS (on the
resul tant volunme of the digestion of the aliquots taken for
Hg anal yses) can be approximately 0.02 to 0.2 ng/m ,

dependi ng upon the type of CVAAS anal ytical instrunent used.
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13.2.4 The use of GFAAS can enhance the detection
limts conpared to direct aspiration AAS as follows: Sb (3
ng/m), As (1 ng/m), Be (0.2 ng/m), Cd (0.1 ng/m), C (1
ng/m), Co (1 ng/m), Pbo (1 ng/m), Se (2 ng/m), and Tl (1
ng/m).

13.3 In-stack Detection Limts.

13.3.1 For test planning purposes in-stack detection
l[imts can be devel oped by using the follow ng information:
(1) the procedures described in this nmethod, (2) the
anal ytical detection limts described in Section 13.2 and in
SW 846, (3) the normal volunes of 300 ml (Analytical Fraction
1) for the front-half and 150 m (Analytical Fraction 2A)
for the back-half sanples, and (4) a stack gas sanpl e vol une
of 1.25 n¥. The resultant in-stack method detection limts
for the above set of conditions are presented in Table 29-1
and were cal cul ated by using Eq. 29-1 shown in Section 12.5.

13.3.2 To ensure optinmum precision/resolution in the
anal yses, the target concentrations of netals in the
anal ytical solutions should be at least ten tinmes their
respective analytical detection limts. Under certain
conditions, and with greater care in the anal yti cal
procedure, these concentrations can be as |ow as
approximately three tines the respective anal ytical
detection limts without seriously inpairing the precision

of the analyses. On at |east one sanple run in the source
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test, and for each netal analyzed, performeither repetitive
anal yses, Method of Standard Additions, serial dilution, or
matri x spi ke addition, etc., to docunent the quality of the
dat a.

13.3.3 Actual in-stack nethod detection [imts are
based on actual source sanpling paraneters and anal ytica
results as described above. |If required, the nethod in-
stack detection [imts can be inproved over those shown in
Tabl e 29-1 for a specific test by either increasing the
sanpl ed stack gas vol une, reducing the total volune of the
di gested sanples, inproving the analytical detection limts,
or any conbination of the three. For extrenely |low |evels
of Hyg only, the aliquot size selected for digestion and
anal ysis can be increased to as nmuch as 10 m, thus
inproving the in-stack detection [imt by a factor of ten
conpared to a 1 nml aliquot size.

13.3.3.1 A nomnal one hour sanpling run will collect
a stack gas sanpling volune of about 1.25 n?. |If the
sanpling tine is increased to four hours and 5 n? are
collected, the in-stack nethod detection limts would be
i nproved by a factor of four conpared to the values shown in
Tabl e 29-1.

13.3.3.2 The in-stack detection |imts assune that al
of the sanple is digested and the final |iquid volunes for

anal ysis are the normal values of 300 m for Analytical
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Fraction 1, and 150 ml for Analytical Fraction 2A. If the
vol une of Analytical Fraction 1 is reduced from300 to
30 M, the in-stack detection limts for that fraction of
the sanple would be inproved by a factor of ten. |If the
vol unme of Analytical Fraction 2A is reduced from 150 to 25
m, the in-stack detection |imts for that fraction of the
sanpl e woul d be inproved by a factor of six. Matrix effect
checks are necessary on sanple anal yses and typically are of
much greater significance for sanples that have been
concentrated to |l ess than the normal original sanple vol une.
Reduction of Analytical Fractions 1 and 2A to vol unes of
| ess than 30 and 25 m, respectively, could interfere with
t he redi ssolving of the residue and coul d increase
interference by other conpounds to an intolerable |evel.

13.3.3.3 Wien both of the nodifications described in
Sections 13.3.3.1 and 13.3.3.2 are used simultaneously on
one sanple, the resultant inprovenents are nultiplicative.
For exanple, an increase in stack gas volune by a factor of
four and a reduction in the total Iiquid sanple digested
vol une of both Analytical Fractions 1 and 2A by a factor of
six would result in an inprovenent by a factor of twenty-
four of the in-stack nethod detection limt.

13.4 Precision. The precision (relative standard

deviation) for each netal detected in a nethod devel opnent
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test perforned at a sewage sludge incinerator were found to
be as foll ows:
Sb (12.7 percent), As (13.5 percent), Ba (20.6 percent),
Cd (11.5 percent), C (11.2 percent), Cu (11.5 percent),
Pob (11.6 percent), P (14.6 percent), Se (15.3 percent),
Tl (12.3 percent), and Zn (11.8 percent). The precision for
Ni was 7.7 percent for another test conducted at a source
simulator. Be, M1, and Ag were not detected in the tests.
However, based on the analytical detection limts of the
| CAP for these netals, their precisions could be simlar to
those for the other netals when detected at simlar |evels.
14_.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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TABLE 29-1. IN-STACK METHOD DETECTION LIMITS (ug/m?)
FOR THE FRONT-HALF, THE BACK-HALF, AND THE

TOTAL SAMPLING TRAIN USING

ICAP, GFAAS, AND CVAAS.

Met al Front - hal f: Back- hal f: Back-hal f: | Total Train:
Pr obe and | mpi ngers | mpi ngers
Filter 1-3 4- 62
Ant i nony 17.7 (0.7) 13.8 (0. 4) 111.5 (1.1)
Arsenic 112.7 (0.3) |'6.4 (0.1) 119.1 (0.4)
Bari um 0.5 0.3 0.8
Beryllium |0.07 10.04 (0.03) 0. 11 (0.08)
(0. 05)
Cadmi um 1.0 (0.02) ['0.5 (0.01) 1.5 (0.03)
Chr om um 11.7 (0.2) 0.8 (0.1) 12.5 (0.3)
Cobal t 11.7 (0.2) 0.8 (0.1) 12.5 (0.3)
Copper 1.4 0.7 2.1
Lead 110.1 (0.2) |%5.0 (0.1) 115.1 (0.3)
Manganese 10.5 (0.2) 10.2 (0.1) 10.7 (0.3)
Mer cury 20. 06 20. 3 20.2 20. 56
Ni ckel 3.6 1.8 5.4
Phosphorus | 18 9 27
Sel eni um 118 (0.5) 19 (0.3) 127 (0.8)
Silver 1.7 0.9 (0.7) 2.6
Thal i um 9.6 (0.2) 4.8 (0.1) 114. 4 (0.3)
Zi nc 0.5 0.3 0.8

aMercury analysis only.
Detection limt when anal yzed by | CAP or GFAAS as shown in
parent heses (see Section 11.1.2).
Detection limt when anal yzed by CVAAS, estimated for Back-

hal f and Tot al
Not e: Act ual
t hese val ues,

Tr ai n.

See Sections 13.2 and 11.1.3.

met hod in-stack detection limts may vary from
as described in Section 13. 3. 3.
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RECOMMENDED WAVELENGTHS FOR ICAP ANALYSIS

Anal yt e

Wavel engt h

(nm

Al um num (Al)
Ant i nony ( Sh)
Arseni c (As)
Bari um ( Ba)
Beryl l'ium (Be)
Cadm um ( Cd)
Chrom um (Cr)
Cobal t (Co)
Copper (Cu)

I ron (Fe)

Lead (Pb)
Manganese (M)
Ni ckel (N)
Phosphorus (P)
Sel eni um ( Se)
Silver (AQ)
Thal l'ium (TI)
Zinc (Zn)

308.
206.
193.
455.
313.
226.
267.
228.
328.
259.
220.
257.
231.
214.
196.
328.
190.
213.

215
833
696
403
042
502
716
616
754
940
353
610
604
914
026
068
864
856




TABLE 29-3.

APPLICABLE TECHNIQUES, METHODS AND MINIMIZATION OF INTERFERENCES FOR AAS ANALYSIS.

I nterferences

Met al Techni que SW 8461 Wavel engt h o )
Met hod No. (nm) Cause M ni m zati on
Fe Aspiration 7380 248. 3 Cont am nati on Great care taken to avoid
cont ami nati on
Pb Aspiration 7420 283.3 217.0 nmalternate Background correction required
Pb Fur nace 7421 283.3 Poor recoveries Matrix nodifier, add 10 pl of
phosphorus acid to 1 m of prepared
sanmple in sanmpler cup
vh Aspiration 7460 279.5 403.1 nm al ternate Background correction required
Ni Aspiration 7520 232.0 352.4 nmalternate Background correction required
Fe, Co, and O Matri x matching or nitrous-
oxi de/ acetyl ene fl ane
Nonl i near response Sanmple dilution or use 352.3 nmline
Se Fur nace 7740 196.0 Vol atility Spi ke sanples and reference materials
and add nickel nitrate to mnimze
Adsorption & scatter vol atilization
Background correction is required and
Zeeman background correction can be
usef ul
Ag Aspiration 7760 328.1 Adsorption & scatter Background correction is required
Agd insol uble Avoi d hydrochloric acid unless silver
is in solution as a chloride conpl ex
Sanpl e and standards nonitored for
aspiration rate
Tl Aspiration 7840 276.8 Background correction is required
Hydrochl oric acid should not be used
Tl Fur nace 7841 276. 8 Hydrochl oric acid or Background correction is required
chl ori de Verify that |osses are not occurring
for volatilization by spiked sanpl es
or standard addition; Palladiumis a
suitable matrix nodifier
Zn Aspiration 7950 213.9 Hgh Si, Cu, &P Strontiumrenoves Cu and phosphate

Cont am nati on

Great care taken to avoid
cont am nati on




TABLE 29-3. Continued.
I nterferences
Met al Techni que SW 8461 Wavel engt h o )
Met hod No. (nm) Cause M ni m zati on
Sb Aspiration 7040 217.6 1000 ng/ M Pb, Use secondary wavel ength of 231.1 nm match
Ni, Cu, or sanpl e & standards acid concentration or
acid use nitrous oxide/ acetyl ene flane
Sb Fur nace 7041 217.6 H gh Pb Secondary wavel ength or Zeeman correction
As Fur nace 7060 193.7 Arsenic Spi ke sanpl es and add nickel nitrate
Vol atilization solution to digestates prior to analysis
Al um num Use Zeenman background correction
Ba Aspiration 7080 553. 6 Cal ci um H gh hol | ow cat hode current and narrow band
set
Bari um 2 mM of KO per 100 mM of sanple
I oni zati on
Be Aspiration 7090 234.9 500 ppm Al Add 0. 1% fl uori de
H gh My and Si
Be Fur nace 7091 234.9 Be in optical Optim ze paranmeters to mnimze effects
pat h
Cd Aspiration 7130 228.8 Absor ption and Background correction is required
['i ght
scattering
Cd Fur nace 7131 228.8 As above As above
Excess Ammoni um phosphat e used as a matrix
Chl ori de nodi fier
Pi pet Tips Use cadm umfree tips
Cr Aspiration 7190 357.9 Al kal i rnet al KA ionization suppressant in sanples and
standards-- Consult nfgs' literature
Co Fur nace 7201 240.7 Excess Use Method of Standard Additions
chl oride
Cr Fur nace 7191 357.9 200 ng/L Ca Al calciumnitrate for a known const ant
and P effect and to elimnate effect of phosphate
Cu Aspiration 7210 324.7 Absor ption and Consul t manuf acturer's manua

Scatter
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!Refer to EPA publication SW846 (Reference 2 in Section 16.0).
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* Number in parentheses indicated container number

. Front Half of stimpinger 2nd&3d
Probe Liner : " Fitter support & aK
Fiter Fitter (empty at impingers
and Nozze . back}ﬂs of fiter begiing of (HNOBRROD)
g test)
Rinse with Brush with Careful Rinse three Measure Measure
nse nonmetalic remove times with impinger impinger
brush & from support 0INHNO3 contents
finse with with
acetone Teflon-coated
tweezers &
place in
Brush liner dishpem Empty the Emply the
with contents into contents into
nonmetalic container container
brush &
il Bsh oce
particul - -
Rinse three Rinse three
onto fter mes wih tmeswih
0INHNO3 0INHNO3
Check finer
to see if Seal peti
particulate dish with
removed; if tape
not,
Step
f
Rinse three Rinse three
times with times with
0INHNO3 0INHNO3
FH AR F BH
@r @ @ @

Figure 29-2a.

Sample Recovery Scheme.
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4th impinger
(empty) & 5th &
6th impingers
(acidified KMnO4)

Measure
impinger
contents

Last
impinger

Weigh for
moisture

Discard

Empty the ~ Empty the
impinger No. 4 impingers Nos.
contents into 5 & 6 contents
container into container
Rinse with Rinse three times
100 ml 0.1N with
HNO3 permanganate
reagent, then with
water
|
Remove any
residue with
25 ml 8N HCI
solution
0.1 N HNO3 KMnO4 8N HC
(5A) (5B) (5C)

Figure 29-2b. Sample Recovery Scheme.
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METHOD 3A - DETERMINATION OF OXYGEN AND CARBON DIOXIDE
CONCENTRATIONS IN EMISSIONS FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 3A?

Method 3A is a procedure for measuring oxygen (O;) and carbon dioxide (CO,)
in stationary source emissions using a continuous instrumental analyzer. Quality
assurance and quality control requirements are included to assure that you, the tester,
collect data of known quality. You must document your adherence to these specific
requirements for equipment, supplies, sample collection and analysis, calculations, and
data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

€)) Method 1—Sample and Velocity Traverses for Stationary Sources.

(b) Method 3—Gas Analysis for the Determination of Molecular Weight.

(© Method 4—Determination of Moisture Content in Stack Gases.

(d) Method 7E—Determination of Nitrogen Oxides Emissions from
Stationary Sources (Instrumental Analyzer Procedure).

1.1 Analytes. What does this method determine? This method measures the

concentration of oxygen and carbon dioxide.



Analyte CAS No. Sensitivity

Oxygen (O,) 7782-44-7 Typically <2% of Calibration Span
Carbon dioxide (CO,) 124-38-9 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 3A may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans and permits, where measurements of O, and CO,
concentrations in stationary source emissions must be made, either to determine
compliance with an applicable emission standard or to conduct performance testing of a
continuous emission monitoring system (CEMS). Other regulations may also require the
use of Method 3A.

1.3 Data Quality Objectives. How good must my collected data be? Refer to
Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously or intermittently sample the effluent gas and
convey the sample to an analyzer that measures the concentration of O, or CO,. You
must meet the performance requirements of this method to validate your data.

3.0 Definitions

Refer to Section 3.0 of Method 7E for the applicable definitions.

4.0 Interferences [Reserved]
5.0 Safety
Refer to Section 5.0 of Method 7E.

6.0 Equipment and Supplies



Figure 7E-1 in Method 7E is a schematic diagram of an acceptable measurement
system.

6.1 What do | need for the measurement system? The components of the
measurement system are described (as applicable) in Sections 6.1 and 6.2 of Method 7E,
except that the analyzer described in Section 6.2 of this method must be used instead of
the analyzer described in Method 7E. You must follow the noted specifications in
Section 6.1 of Method 7E except that the requirements to use stainless steel, Teflon, or
non-reactive glass filters do not apply. Also, a heated sample line is not required to
transport dry gases or for systems that measure the O, or CO; concentration on a dry
basis, provided that the system is not also being used to concurrently measure SO, and/or
NOx.

6.2 What analyzer must | use? You must use an analyzer that continuously
measures O, or CO; in the gas stream and meets the specifications in Section 13.0.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do | need? Refer to Section 7.1 of
Method 7E for the calibration gas requirements. Example calibration gas mixtures are
listed below.

(@) COy in nitrogen (Ny).

(b) CO;in air.

(c) CO,/SO, gas mixture in No.

(d) O,/SO, gas mixture in N.

(e) 02/CO,/SO, gas mixture in Na.

(F) CO2/NOy gas mixture in N



(g) CO,/SO,/NOy gas mixture in N,

The tests for analyzer calibration error and system bias require high-, mid-, and
low-level gases.

7.2 Interference Check. What reagents do | need for the interference check?
Potential interferences may vary among available analyzers. Table 7E-3 of Method 7E
lists a number of gases that should be considered in conducting the interference test.

8.0 Sample Collection, Preservation, Storage, and Transport

8.1 Sampling Site and Sampling Points. You must follow the procedures of
Section 8.1 of Method 7E to determine the appropriate sampling points, unless you are
using Method 3A only to determine the stack gas molecular weight and for no other
purpose. In that case, you may use single-point integrated sampling as described in
Section 8.2 of Method 3. If the stratification test provisions in Section 8.1.2 of Method
7E are used to reduce the number of required sampling points, the alternative acceptance
criterion for 3-point sampling will be £ 0.5 percent CO, or O,, and the alternative
acceptance criterion for single-point sampling will be £+ 0.3 percent CO; or O,.

8.2 Initial Measurement System Performance Tests. You must follow the
procedures in Section 8.2 of Method 7E. If a dilution-type measurement system is used,
the special considerations in Section 8.3 of Method 7E apply.

8.3 Interference Check. The O, or CO, analyzer must be documented to show
that interference effects to not exceed 2.5 percent of the calibration span. The
interference test in Section 8.2.7 of Method 7E is a procedure than may be used to show

this. The effects of all potential interferences at the concentrations encountered during



testing must be addressed and documented. This testing and documentation may be done
by the instrument manufacturer.

8.4 Sample Collection. You must follow the procedures in Section 8.4 of
Method 7E.

8.5 Post-Run System Bias Check and Drift Assessment. You must follow the
procedures in Sections 8.5 of Method 7E.
9.0 Quality Control

Follow quality control procedures in Section 9.0 of Method 7E.
10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of
Method 7E.
11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8),
additional discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the applicable procedures for calculations and data analysis in
Section 12.0 of Method 7E, substituting percent O, and percent CO, for ppmv of NOy as
appropriate.
13.0 Method Performance

The specifications for the applicable performance checks are the same as in
Section 13.0 of Method 7E except for the alternative specifications for system bias, drift,
and calibration error. In these alternative specifications, replace the term “0.5 ppmv”

with the term “0.5 percent O,” or “0.5 percent CO,” (as applicable).



14.0 Pollution Prevention [Reserved]

15.0 Waste Management [Reserved]

16.0 Alternative Procedures [Reserved]

17.0 References

A. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data

Refer to Section 18.0 of Method 7E.



METHOD 6C - DETERMINATION OF SULFUR DIOXIDE EMISSIONS
FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 6C?

Method 6C is a procedure for measuring sulfur dioxide (SO) in stationary source
emissions using a continuous instrumental analyzer. Quality assurance and quality
control requirements are included to assure that you, the tester, collect data of known
quality. You must document your adherence to these specific requirements for
equipment, supplies, sample collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

@ Method 1—Sample and Velocity Traverses for Stationary Sources.

(b) Method 4—Determination of Moisture Content in Stack Gases.

(© Method 6—Determination of Sulfur Dioxide Emissions from Stationary
Sources.

(d) Method 7E—Determination of Nitrogen Oxides Emissions from
Stationary Sources (Instrumental Analyzer Procedure).
1.1 Analytes. What does this method determine? This method measures the

concentration of sulfur dioxide.



Analyte CAS No. Sensitivity

SO, 7446-09-5 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 6C may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans, and permits where SO, concentrations in stationary source
emissions must be measured, either to determine compliance with an applicable emission
standard or to conduct performance testing of a continuous emission monitoring system
(CEMS). Other regulations may also require the use of Method 6C.

1.3 Data Quality Objectives. How good must my collected data be? Refer to
Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously sample the effluent gas and convey the sample
to an analyzer that measures the concentration of SO,. You must meet the performance
requirements of this method to validate your data.

3.0 Definitions

Refer to Section 3.0 of Method 7E for the applicable definitions.
4.0 Interferences

Refer to Section 4.1 of Method 6.

5.0 Safety
Refer to Section 5.0 of Method 7E.

6.0 Equipment and Supplies



Figure 7E-1 of Method 7E is a schematic diagram of an acceptable measurement
system.

6.1 What do I need for the measurement system? The essential components
of the measurement system are the same as those in Sections 6.1 and 6.2 of Method 7E,
except that the SO, analyzer described in Section 6.2 of this method must be used instead
of the analyzer described in Section 6.2 of Method 7E. You must follow the noted
specifications in Section 6.1 of Method 7E.

6.2 What analyzer must | use? You may use an instrument that uses an
ultraviolet, non-dispersive infrared, fluorescence, or other detection principle to
continuously measure SO, in the gas stream and meets the performance specifications in
Section 13.0. The low-range and dual-range analyzer provisions in Section 6.2.8.1 of
Method 7E apply.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do | need? Refer to Section 7.1 of
Method 7E for the calibration gas requirements. Example calibration gas mixtures are
listed below.

(@) SO in nitrogen (Ny).

(b) SO, in air.

(c) SOz and CO; in Na.

(d) SO, andO; in Na.

(e) SO./CO,/0O, gas mixture in Na.

(F) CO2/NOy gas mixture in N



(g) CO,/SO,/NOy gas mixture in N,

7.2 Interference Check. What additional reagents do | need for the
interference check? The test gases for the interference check are listed in Table 7E-3 of
Method 7E. For the alternative interference check, you must use the reagents described
in Section 7.0 of Method 6.

8.0 Sample Collection, Preservation, Storage, and Transport

8.1 Sampling Site and Sampling Points. You must follow the procedures of
Section 8.1 of Method 7E.

8.2 Initial Measurement System Performance Tests. You must follow the
procedures in Section 8.2 of Method 7E. If a dilution-type measurement system is used,
the special considerations in Section 8.3 of Method 7E also apply.

8.3 Interference Check. You must follow the procedures of Section 8.2.7 of
Method 7E to conduct an interference check, substituting SO, for NOx as the method
pollutant. For dilution-type measurement systems, you must use the alternative
interference check procedure in Section 16 and a co-located, unmodified Method 6
sampling train.

8.4 Sample Collection. You must follow the procedures of Section 8.4 of
Method 7E.

8.5 Post-Run System Bias Check and Drift Assessment. You must follow the
procedures of Section 8.5 of Method 7E.

9.0 Quality Control

Follow quality control procedures in Section 9.0 of Method 7E.



10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of
Method 7E.

11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8),
additional discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the applicable procedures for calculations and data analysis in
Section 12.0 of Method 7E as applicable, substituting SO, for NO as appropriate.

13.0 Method Performance

13.1 The specifications for the applicable performance checks are the same as in
Section 13.0 of Method 7E.

13.2 Alternative Interference Check. When using this procedure, you must
document its successful completion for each source category that you test. The results
are acceptable if the difference between the Method 6C result and the modified Method 6
result is less than 7.0 percent of the Method 6 result for each of the three test runs. For
the purposes of comparison, the Method 6 and 6C results must be expressed in the same
units of measure.

14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]

16.0 Alternative Procedures



16.1 Alternative Interference Check. You may perform an alternative
interference check consisting of at least three comparison runs between Method 6C and
Method 6. This check validates the Method 6C results at each particular source category
(type of facility) where the check is performed . When testing under conditions of low
concentrations (< 15 ppm), this alternative interference check is not allowed. Note: The
procedure described below applies to non-dilution sampling systems only. If this
alternative interference check is used for a dilution sampling system, use a standard
Method 6 sampling train and extract the sample directly from the exhaust stream at points
collocated with the Method 6C sample probe.

Build the modified Method 6 sampling train (flow control valve, two midget
impingers containing 3 percent hydrogen peroxide, and dry gas meter) shown in Figure
6C-1. Connect the sampling train to the sample bypass discharge vent. Record the dry
gas meter reading before you begin sampling. Simultaneously collect modified Method 6
and Method 6C samples. Open the flow control valve in the modified Method 6 train as
you begin to sample with Method 6C. Adjust the Method 6 sampling rate to 1 liter per
minute (+10 percent). The sampling time per run must be the same as for Method 6 plus
twice the average measurement system response time. If your modified Method 6 train
does not include a pump, you risk biasing the results high if you over-pressurize the
midget impingers and cause a leak. You can reduce this risk by cautiously increasing the
flow rate as sampling begins.

After completing a run, record the final dry gas meter reading, meter temperature,

and barometric pressure. Recover and analyze the contents of the midget impingers using



the procedures in Method 6. You must analyze performance audit samples as described
in Method 6 with this interference check. Determine the average gas concentration
reported by Method 6C for the run.
17.0 References

1. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data
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METHOD 7E - DETERMINATION OF NITROGEN OXIDES EMISSIONS
FROM STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 7E?

Method 7E is a procedure for measuring nitrogen oxides (NOy) in stationary
source emissions using a continuous instrumental analyzer. Quality assurance and
quality control requirements are included to assure that you, the tester, collect data of
known quality. You must document your adherence to these specific requirements for
equipment, supplies, sample collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling
and analytical procedures you will need but refers to other methods for some of the
details. Therefore, to obtain reliable results, you should also have a thorough knowledge
of these additional test methods which are found in appendix A to this part:

(a) Method 1—Sample and Velocity Traverses for Stationary Sources.

(b) Method 4—Determination of Moisture Content in Stack Gases.

1.1 Analytes. What does this method determine? This method measures the

concentration of nitrogen oxides as NO,.



Analyte CAS No. Sensitivity

Nitric oxide (NO) 10102-43-9 Typically <2% of Calibration Span

Nitrogen dioxide (NO;) 10102-44-0

1.2 Applicability. When is this method required? The use of Method 7E may
be required by specific New Source Performance Standards, Clean Air Marketing rules,
State Implementation Plans, and permits where measurement of NOy concentrations in
stationary source emissions is required, either to determine compliance with an applicable
emissions standard or to conduct performance testing of a continuous monitoring system
(CEMS). Other regulations may also require the use of Method 7E.

1.3 Data Quality Objectives (DQO). How good must my collected data be?
Method 7E is designed to provide high-quality data for determining compliance with
Federal and State emission standards and for relative accuracy testing of CEMS. In these
and other applications, the principal objective is to ensure the accuracy of the data at the
actual emission levels encountered. To meet this objective, the use of EPA traceability
protocol calibration gases and measurement system performance tests are required.

1.4 Data Quality Assessment for Low Emitters. Is performance relief granted
when testing low-emission units? Yes. For low-emitting sources, there are alternative
performance specifications for analyzer calibration error, system bias, drift, and response
time. Also, the alternative dynamic spiking procedure in Section 16 may provide

performance relief for certain low-emitting units.



2.0 Summary of Method

In this method, a sample of the effluent gas is continuously sampled and conveyed
to the analyzer for measuring the concentration of NOy. You may measure NO and NO,
separately or simultaneously together but, for the purposes of this method, NOy is the sum
of NO and NO,.. You must meet the performance requirements of this method to validate
your data.

3.0 Definitions

3.1 Analyzer Calibration Error, for non-dilution systems, means the difference
between the manufacturer certified concentration of a calibration gas and the measured
concentration of the same gas when it is introduced into the analyzer in direct calibration
mode.

3.2 Calibration Curve means the relationship between an analyzer’s response to the
injection of a series of calibration gases and the actual concentrations of those gases.

3.3 Calibration Gas means the gas mixture containing NOy at a known
concentration and produced and certified in accordance with “EPA Traceability Protocol
for Assay and Certification of Gaseous Calibration Standards,” September 1997, as
amended August 25, 1999, EPA-600/R-97/121 or more recent updates. The tests for
analyzer calibration error, drift, and system bias require the use of calibration gas prepared
according to this protocol.

3.3.1 Low-Level Gas means a calibration gas with a concentration that is less than

20 percent of the calibration span and may be a zero gas.
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3.3.2 Mid-Level Gas means a calibration gas with a concentration that is 40 to 60
percent of the calibration span.

3.3.3 High-Level Gas means a calibration gas with a concentration that is equal to
the calibration span.

3.4 Calibration Span means the upper limit of valid instrument response during
sampling. To the extent practicable, the measured emissions should be between 20 to 100
percent of the selected calibration span

3.5 Centroidal Area means the central area of the stack or duct that is no greater
than 1 percent of the stack or duct cross section. This area has the same geometric shape as
the stack or duct.

3.6 Converter Efficiency Gas means a calibration gas with a known NO or NO,
concentration and of Traceability Protocol quality.

3.7 Data Recorder means the equipment that permanently records the
concentrations reported by the analyzer.

3.8 Direct Calibration Mode means introducing the calibration gases directly into
the analyzer (or into the assembled measurement system at a point downstream of all
sample conditioning equipment) according to manufacturer’s recommended calibration
procedure. This mode of calibration applies to non-dilution-type measurement systems.

3.9 Drift means the difference between the measurement system readings obtained
in the pre-run and post-run system bias (or system calibration error) checks at a specific

calibration gas concentration level (i.e. low-, mid-, or high-).
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3.10 Gas Analyzer means the equipment that senses the gas being measured and
generates an output proportional to its concentration.

3.11 Interference Check means the test to detect analyzer responses to compounds
other than the compound of interest, usually a gas present in the measured gas stream, that
is not adequately accounted for in the calibration procedure and may cause measurement
bias.

3.12 Low-Concentration Analyzer means any analyzer that operates with a
calibration span of 20 ppm NOx or lower. Each analyzer model used routinely to measure
low NOy concentrations must pass a Manufacturer’s Stability Test (MST). A MST subjects
the analyzer to a range of potential effects to demonstrate its stability following the
procedures provided in 40 CFR 53.23, 53.55, and 53.56 and provides the information in a
summary format. A copy of this information must be included in each test report. Table
7E-5 lists the criteria to be met.

3.13 Measurement System means all of the equipment used to determine the NOy
concentration. The measurement system comprises six major subsystems: sample
acquisition, sample transport, sample conditioning, calibration gas manifold, gas analyzer,
and data recorder.

3.14 Response Time means the time it takes the measurement system to respond to
a change in gas concentration occurring at the sampling point when the system is operating
normally at its target sample flow rate or dilution ratio.

3.15 Run means a series of gas samples taken successively from the stack or duct.

A test normally consists of a specific number of runs.
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3.16 System Bias means the difference between a calibration gas measured in direct
calibration mode and in system calibration mode. System bias is determined before and
after each run at the low- and mid- or high-concentration levels. For dilution-type systems,
pre- and post-run system calibration error is measured, rather than system bias.

3.17 System Calibration Error applies to dilution-type systems and means the
difference between the measured concentration of low-, mid-, or high-level calibration gas
and the certified concentration for each gas when introduced in system calibration mode.
For dilution-type systems, a 3-point system calibration error test is conducted in lieu of the
analyzer calibration error test, and 2-point system calibration error tests are conducted in
lieu of system bias tests.

3.18 System Calibration Mode means introducing the calibration gases into the
measurement system at the probe, upstream of the filter and all sample conditioning
components.

3.19 Test refers to the series of runs required by the applicable regulation.

4.0 Interferences

Note that interferences may vary among instruments and that instrument-specific
interferences must be evaluated through the interference test.
5.0 Safety

What safety measures should I consider when using this method? This method
may require you to work with hazardous materials and in hazardous conditions. We
encourage you to establish safety procedures before using the method. Among other

precautions, you should become familiar with the safety recommendations in the gas



v

analyzer user’s manual. Occupational Safety and Health Administration (OSHA)
regulations concerning cylinder and noxious gases may apply. Nitric oxide and NO; are
toxic and dangerous gases. Nitric oxide is immediately converted to NO, upon reaction
with air. Nitrogen dioxide is a highly poisonous and insidious gas. Inflammation of the
lungs from exposure may cause only slight pain or pass unnoticed, but the resulting edema
several days later may cause death. A concentration of 100 ppm is dangerous for even a
short exposure, and 200 ppm may be fatal. Calibration gases must be handled with utmost
care and with adequate ventilation. Emission-level exposure to these gases should be
avoided.

6.0 Equipment and Supplies

The performance criteria in this method will be met or exceeded if you are properly
using equipment designed for this application.

6.1 What do I need for the measurement system? You may use any equipment
and supplies meeting the following specifications.

1) Sampling system components that are not evaluated in the system bias or system
calibration error test must be glass, Teflon, or stainless steel. Other materials are
potentially acceptable, subject to approval by the Administrator.

2) The interference, calibration error, and system bias criteria must be met.

3) Sample flow rate must be maintained within 10 percent of the flow rate at which
the system response time was measured.

4) All system components (excluding sample conditioning components, if used)

must maintain the sample temperature above the moisture dew point.
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Section 6.2 provides example equipment specifications for a NOyx measurement
system. Figure 7E-1 is a diagram of an example dry basis measurement system that is
likely to meet the method requirements and is provided as guidance. For wet-basis systems,
you may use alternative equipment and supplies as needed (some of which are described in
Section 6.2), provided that the measurement system meets the applicable performance
specifications of this method.

6.2 Measurement System Components

6.2.1 Sample Probe. Glass, stainless steel, or other approved material, of sufficient
length to traverse the sample points.

6.2.2 Particulate Filter. An in-stack or out-of-stack filter. The filter media must be
included in the system bias test and made of material that is non-reactive to the gas being
sampled. This particulate filter requirement may be waived in applications where no
significant particulate matter is expected (e.g., for emission testing of a combustion turbine
firing natural gas).

6.2.3 Sample Line. The sample line from the probe to the conditioning
system/sample pump should be made of Teflon or other material that does not absorb or
otherwise alter the sample gas. For a dry-basis measurement system (as shown in Figure
7E-1), the temperature of the sample line must be maintained at a sufficiently high level to
prevent condensation before the sample conditioning components. For wet-basis
measurement systems, the temperature of the sample line must be maintained at a

sufficiently high level to prevent condensation before the analyzer.
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6.2.4 Conditioning Equipment. For dry basis measurements, a condenser, dryer or
other suitable device is required to remove moisture continuously from the sample gas.

Any equipment needed to heat the probe or sample line to avoid condensation prior to the
sample conditioning component is also required.

For wet basis systems, you must keep the sample above its dew point either by: (1)
heating the sample line and all sample transport components up to the inlet of the analyzer
(and, for hot-wet extractive systems, also heating the analyzer) or (2) by diluting the sample
prior to analysis using a dilution probe system. The components required to do either of the
above are considered to be conditioning equipment.

6.2.5 Sampling Pump. For systems similar to the one shown in Figure 7E-1, a leak-
free pump is needed to pull the sample gas through the system at a flow rate sufficient to
minimize the response time of the measurement system. The pump may be constructed of
any material that is non-reactive to the gas being sampled. For dilution-type measurement
systems, an ejector pump (eductor) is used to create a vacuum that draws the sample
through a critical orifice at a constant rate.

6.2.6 Calibration Gas Manifold. Prepare a system to allow the introduction of
calibration gases either directly to the gas analyzer in direct calibration mode or into the
measurement system, at the probe, in system calibration mode, or both, depending upon the
type of system used. In system calibration mode, the system should be able to block the
sample gas flow and flood the sampling probe. Alternatively, calibration gases may be
introduced at the calibration valve following the probe. Maintain a constant pressure in the

gas manifold. For in-stack dilution-type systems, a gas dilution subsystem is required to
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transport large volumes of purified air to the sample probe and a probe controller is needed
to maintain the proper dilution ratio.

6.2.7 Sample Gas Manifold. For the type of system shown in Figure 7E-1, the
sample gas manifold diverts a portion of the sample to the analyzer, delivering the
remainder to the by-pass discharge vent. The manifold should also be able to introduce
calibration gases directly to the analyzer (except for dilution-type systems). The manifold
must be made of material that is non-reactive to the gas sampled or the calibration gas and
be configured to safely discharge the bypass gas.

6.2.8 NOy Analyzer. An instrument that continuously measures NOy in the gas
stream and meets the applicable specifications in Section 13.0. An analyzer that operates
on the principle of chemiluminescence with an NO, to NO converter is one example of an
analyzer that has been used successfully in the past. Analyzers operating on other
principles may also be used provided the performance criteria in Section 13.0 are met.

6.2.8.1 Dual Range Analyzers. For certain applications, a wide range of gas
concentrations may be encountered, necessitating the use of two measurement ranges.
Dual-range analyzers are readily available for these applications. These analyzers are often
equipped with automated range-switching capability, so that when readings exceed the full-
scale of the low measurement range, they are recorded on the high range. As an alternative
to using a dual-range analyzer, you may use two segments of a single, large measurement
scale to serve as the low and high ranges. In all cases, when two ranges are used, you must
quality-assure both ranges using the proper sets of calibration gases. You must also meet

the interference, calibration error, system bias, and drift checks. However, we caution that
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when you use two segments of a large measurement scale for dual range purposes, it may
be difficult to meet the performance specifications on the low range due to signal-to-noise
ratio considerations.

6.2.8.2 Low Concentration Analyzer. When the calibration span is less than or
equal to 20 ppmv, the manufacturer’s stability test (MST) is required. See Table 7E-5.

6.2.9 Data Recording. A strip chart recorder, computerized data acquisition
system, digital recorder, or data logger for recording measurement data may be used.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do | need? Your calibration gas
must be NO in nitrogen and certified (or recertified) within an uncertainty of 2.0 percent in
accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous
Calibration Standards” September 1997, as amended August 25, 1999, EPA-600/R-97/121.
Blended gases meeting the Traceability Protocol are allowed if the additional gas
components are shown not to interfere with the analysis. The calibration gas must not be
used after its expiration date.

Except for applications under part 75 of this chapter, it is acceptable to prepare
calibration gas mixtures from EPA Traceability Protocol gases in accordance with Method
205 in M to part 51 of this chapter. For part 75 applications, the use of Method 205 is
subject to the approval of the Administrator. The goal and recommendation for selecting
calibration gases is to bracket the sample concentrations.

The following calibration gas concentrations are required:
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7.1.1 High-Level Gas. This concentration sets the calibration span and results in
measurements being 20 to 100 percent of the calibration span.

7.1.2 Mid-Level Gas. 40 to 60 percent of the calibration span.

7.1.3 Low-Level Gas. Less than 20 percent of the calibration span.

7.1.4 Converter Efficiency Gas. What reagents do | need for the converter
efficiency test? The converter efficiency gas for the test described in Section 8.2.4.1 must
have a concentration of NO, that is between 40 and 60 ppmv. For the alternative converter
efficiency tests in Section 16.2, NO is required. In either case, the test gas must be
prepared according to the EPA Traceability Protocol.

7.2 Interference Check. What reagents do | need for the interference check?
Use the appropriate test gases listed in Table 7E-3 (i.e., the potential interferents for the test
facility source category, as identified by the instrument manufacturer) to conduct the
interference check.

8.0 Sample Collection, Preservation, Storage, and Transport
Emission Test Procedure

Since you are allowed to choose different options to comply with some of the
performance criteria, it is your responsibility to identify the specific options you have
chosen, to document that the performance criteria for that option have been met, and to
identify any deviations from the method.

8.1 What sampling site and sampling points do I select?

8.1.1 Unless otherwise specified in an applicable regulation or by the

Administrator, when this method is used to determine compliance with an emission
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standard, conduct a stratification test as described in Section 8.1.2 to determine the
sampling traverse points to be used. For performance testing of continuous emission
monitoring systems, follow the sampling site selection and traverse point layout procedures
described in the appropriate performance specification or applicable regulation (e.g.,
Performance Specification 2 in appendix B to this part).

8.1.2 Determination of Stratification. To test for stratification, use a probe of
appropriate length to measure the NOy (or pollutant of interest) concentration at twelve
traverse points located according to Table 1-1 or Table 1-2 of Method 1. Alternatively, you
may measure at three points on a line passing through the centroidal area. Space the three
points at 16.7, 50.0, and 83.3 percent of the measurement line. Sample for a minimum of
twice the system response time (see Section 8.2.6) at each traverse point. Calculate the
individual point and mean NOy concentrations. If the concentration at each traverse point
differs from the mean concentration for all traverse points by no more than: (a) = 5.0
percent of the mean concentration; or (b) + 0.5 ppm (whichever is less restrictive), the gas
stream is considered unstratified and you may collect samples from a single point that most
closely matches the mean. If the 5.0 percent or 0.5 ppm criterion is not met, but the
concentration at each traverse point differs from the mean concentration for all traverse
points by no more than: (a) £+ 10.0 percent of the mean; or (b) + 1.0 ppm (whichever is less
restrictive), the gas stream is considered to be minimally stratified, and you may take
samples from three points. Space the three points at 16.7, 50.0, and 83.3 percent of the
measurement line. Alternatively, if a twelve point stratification test was performed and the

emissions shown to be minimally stratified (all points within + 10.0 percent of their mean
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or within = 1.0 ppm), and if the stack diameter (or equivalent diameter, for a rectangular
stack or duct) is greater than 2.4 meters (7.8 ft), then you may use 3-point sampling and
locate the three points along the measurement line exhibiting the highest average
concentration during the stratification test, at 0.4, 1.0 and 2.0 meters from the stack or duct
wall. If the gas stream is found to be stratified because the 10.0 percent or 1.0 ppm
criterion for a 3-point test is not met, locate twelve traverse points for the test in accordance
with Table 1-1 or Table 1-2 of Method 1.

8.2 Initial Measurement System Performance Tests. What initial performance
criteria must my system meet before | begin collecting samples? Before measuring
emissions, perform the following procedures:

(a) Calibration gas verification,

(b) Measurement system preparation,

(c) Calibration error test,

(d) NO; to NO conversion efficiency test, if applicable,

(e) System bias check,

(f) System response time test, and

(g) Interference check

8.2.1 Calibration Gas Verification. How must | verify the concentrations of my
calibration gases? Obtain a certificate from the gas manufacturer and confirm that the
documentation includes all information required by the Traceability Protocol. Confirm that
the manufacturer certification is complete and current. Ensure that your calibration gases

certifications have not expired. This documentation should be available on-site for
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inspection. To the extent practicable, select a high-level gas concentration that will result in
the measured emissions being between 20 and 100 percent of the calibration span.

8.2.2 Measurement System Preparation. How do | prepare my measurement
system? Assemble, prepare, and precondition the measurement system according to your
standard operating procedure. Adjust the system to achieve the correct sampling rate or
dilution ratio (as applicable).

8.2.3 Calibration Error Test. How do I confirm my analyzer calibration is
correct? After you have assembled, prepared and calibrated your sampling system and
analyzer, you must conduct a 3-point analyzer calibration error test (or a 3-point system
calibration error test for dilution systems) before the first run and again after any failed
system bias test (or 2-point system calibration error test for dilution systems) or failed drift
test. Introduce the low-, mid-, and high-level calibration gases sequentially. For non-
dilution-type measurement systems, introduce the gases in direct calibration mode. For
dilution-type measurement systems, introduce the gases in system calibration mode.

For non-dilution systems, you may adjust the system to maintain the correct flow
rate at the analyzer during the test, but you may not make adjustments for any other
purpose. For dilution systems, you must operate the measurement system at the appropriate
dilution ratio during all system calibration error checks, and may make only the adjustments
necessary to maintain the proper ratio.

Record the analyzer’s response to each calibration gas on a form similar to Table
7E-1. For each calibration gas, calculate the analyzer calibration error using Equation 7E-1

in Section 12.2 or the system calibration error using Equation 7E-3 in Section 12.4 (as
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applicable). The calibration error specification in Section 13.1 must be met for the low-,
mid-, and high-level gases. If the calibration error specification is not met, take corrective
action and repeat the test until an acceptable 3-point calibration is achieved.

8.2.4 NO; to NO Conversion Efficiency Test . Before each field test, you must
conduct an NO; to NO conversion efficiency test if your system converts NO, to NO before
analyzing for NOy. Follow the procedures in Section 8.2.4.1, or 8.2.4.2. If desired, the
converter efficiency factor derived from this test may be used to correct the test results for
converter efficiency if the NO; fraction in the measured test gas is known. Use Equation
7E-8 in Section 12.8 for this correction.

8.2.4.1 Introduce a concentration of 40 to 60 ppmv NO; to the analyzer in direct
calibration mode and record the NOx concentration displayed by the analyzer. If a dilution-
system is used, introduce the NO, calibration gas at a point before the dilution takes place.
Calculate the converter efficiency using Equation 7E-7 in Section 12.7. The specification
for converter efficiency in Section 13.5 must be met. The user is cautioned that state-of-
the-art NO, calibration gases may not be sufficiently stable and thus make it more difficult
to pass the 90 percent conversion efficiency requirement. The NO, must be prepared
according to the EPA Traceability Protocol and have an accuracy within 2.0 percent.

8.2.4.2 Alternatively, either of the procedures for determining conversion efficiency
using NO in Section 16.2 may be used.

8.2.5 Initial System Bias and System Calibration Error Checks. Before sampling
begins, determine whether the high-level or mid-level calibration gas best approximates the

emissions and use it as the upscale gas. Introduce the upscale gas at the probe upstream of



17

all sample conditioning components in system calibration mode. Record the time it takes
for the measured concentration to increase to a value that is within 95 percent or 0.5 ppm
(whichever is less restrictive) of the certified gas concentration. Continue to observe the
gas concentration reading until it has reached a final, stable value. Record this value on a
form similar to Table 7E-2.

Next, introduce the low-level gas in system calibration mode and record the time
required for the concentration response to decrease to a value that is within 5.0 percent or
0.5 ppm (whichever is less restrictive) of the certified low-range gas concentration. If the
low-level gas is a zero gas, use the procedures described above and observe the change in
concentration until the response is 0.5 ppm or 5.0 percent of the upscale gas concentration
(whichever is less restrictive).

Continue to observe the low-level gas reading until it has reached a final, stable
value and record the result on a form similar to Table 7E-2. Operate the measurement
system at the normal sampling rate during all system bias checks. Make only the
adjustments necessary to achieve proper calibration gas flow rates at the analyzer.

From these data, calculate the measurement system response time (see
Section 8.2.6) and then calculate the initial system bias using Equation 7E-2 in Section
12.3. For dilution systems, calculate the system calibration error in lieu of system bias
using equation 7E-3 in Section 12.4. See Section 13.2 for acceptable performance criteria
for system bias and system calibration error. If the initial system bias (or system calibration
error) specification is not met, take corrective action. Then, you must repeat the applicable

calibration error test from Section 8.2.3 and the initial system bias (or 2-point system
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calibration error) check until acceptable results are achieved, after which you may begin
sampling. (Note: For dilution-type systems, data from the 3-point system calibration error
test described in Section 8.2.3 may be used to meet the initial 2-point system calibration
error test requirement of this section, if the calibration gases were injected as described in
this section, and if response time data were recorded).

8.2.6 Measurement System Response Time. As described in section 8.2.5, you
must determine the measurement system response time during the initial system bias (or 2-
point system calibration error) check. Observe the times required to achieve 95 percent of a
stable response for both the low-level and upscale gases. The longer interval is the
response time.

8.2.7 Interference Check. Conduct an interference response test of the gas analyzer
prior to its initial use in the field. If you have multiple analyzers of the same make and
model, you need only perform this alternative interference check on one analyzer. You
may also meet the interference check requirement if the instrument manufacturer performs
this or similar check on the same make and model of analyzer that you use and provides
you with documented results.

You may introduce the appropriate interference test gases (that are potentially
encountered during a test, see examples in Table 7E-3) into the analyzer (or measurement
system for dilution-type systems) separately or as mixtures. This test must be performed
both with and without NOx (NO and NO,) (the applicable pollutant gas). For analyzers
measuring NOx greater than 20 ppm, use a calibration gas with an NOx concentration of 80

to 100 ppm and set this concentration equal to the calibration span. For analyzers
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measuring less than 20 ppm NOy, select an NO concentration for the calibration span that
reflects the emission levels at the sources to be tested, and perform the interference check at
that level. Measure the total interference response of the analyzer to these gases in ppmv.
Record the responses and determine the interference using Table 7E-4. The specification in
Section 13.4 must be met.

A copy of this data, including the date completed and signed certification, must be
available for inspection at the test site and included with each test report. This interference
test is valid for the life of the instrument unless major analytical components (e.g., the
detector) are replaced. If major components are replaced, the interference gas check must
be repeated before returning the analyzer to service. The tester must ensure that any
specific technology, equipment, or procedures that are intended to remove interference
effects are operating properly during testing.

8.3 Dilution-Type Systems—Special Considerations. When a dilution-type
measurement system is used, there are three important considerations that must be taken
into account to ensure the quality of the emissions data. First, the critical orifice size and
dilution ratio must be selected properly so that the sample dew point will be below the
sample line and analyzer temperatures. Second, a high-quality, accurate probe controller
must be used to maintain the dilution ratio during the test. The probe controller should be
capable of monitoring the dilution air pressure, eductor vacuum, and sample flow rates.
Third, differences between the molecular weight of calibration gas mixtures and the stack
gas molecular weight must be addressed because these can affect the dilution ratio and

introduce measurement bias.
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8.4 Sample Collection. Position the probe at the first sampling point. Purge the
system for at least two times the response time before recording any data. Then, traverse all
required sampling points and sample at each point for an equal length of time, maintaining
the appropriate sample flow rate or dilution ratio (as applicable). You must record at least
one valid data point per minute during the test run. The minimum time you must sample at
each point is two times the system response time. Usually the test is designed for sampling
longer than this to better characterize the source’s temporal variation.

After recording data for the appropriate period of time at the first traverse point, you
may move to the next point and continue recording, omitting the requirement to wait for
two times the system response time before recording data at the subsequent traverse points.
For example, if you use a sampling system with a two-minute system response time,
initially purge the system for at least four minutes, then record a minimum of four one-
minute averages at each sample point. However, if you remove the probe from the stack,
you must recondition the sampling system for at least two times the system response time
prior to your next recording.

If at any time a measured one-minute average gas concentration exceeds the
calibration span value, you must at a minimum identify and report this as a deviation from
the method. Depending on the data quality objectives of the test, this event may require
corrective action before proceeding. If the average of any run exceeds the calibration span
value, the run is invalidated.

You may satisfy the multipoint traverse requirement by sampling sequentially using

a single-hole probe or a multi-hole probe designed to sample at the prescribed points with a
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flow within 10 percent of mean flow rate. Notwithstanding, for applications under part 75
of this chapter, the use of multi-hole probes is subject to the approval of the Administrator.

8.5 Post-Run System Bias Check and Drift Assessment. How do I confirm that
each sample I collect is valid? After each run, repeat the system bias check or 2-point
system calibration error check (for dilution systems) to validate the run. Do not make
adjustments to the measurement system (other than to maintain the target sampling rate or
dilution ratio) between the end of the run and the completion of the post-run system bias or
system calibration error check. Note that for all post-run system bias or 2-point system
calibration error checks, you may inject the low-level gas first and the upscale gas last, or
vice-versa.

If you do not pass the post-run system bias (or system calibration error) check, then
the run is invalid. You must diagnose and fix the problem and pass another initial 3-point
calibration error test (see Section 8.2.3) and another system bias (or 2-point system
calibration error) check (see Section 8.2.5) before repeating the run. In these additional
bias and calibration error tests, the gases may be injected in any order. Record the system
bias (or system calibration error) check results on a form similar to Table 7E-2.

After each run, calculate the low-level and upscale drift, using Equation 7E-4 in
Section 12.5 . If the post-run low- and upscale bias (or 2-point system calibration error)
checks are passed, but the low- or upscale drift exceeds the specification in Section 13.3,
the run data are valid, but a 3-point calibration error test and a system bias (or 2-point
system calibration error) check must be performed and passed before any more test runs are

done.
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For dilution systems, data from a 3-point system calibration error test may be used
to met the pre-run 2-point system calibration error requirement for the first run in a test
sequence. Also, the post-run bias (or 2-point calibration error) check data may be used as
the pre-run data for the next run in the test sequence at the discretion of the tester.

8.6 Alternative Interference and System Bias Checks (Dynamic Spike Procedure).
If I want to use the dynamic spike procedure to validate my data, what procedure
should I follow? Except for applications under part 75 of this chapter, you may use the
dynamic spiking procedure and requirements provided in Section 16.1 during each test as
an alternative to the interference check and the pre- and post-run system bias checks. The
calibration error test is still required under this option. Use of the dynamic spiking
procedure for Part 75 applications is subject to the approval of the Administrator.

8.7 Moisture correction. You must determine the moisture content of the flue gas
and correct the measured gas concentrations to a dry basis using Method 4 or other
appropriate methods, subject to the approval of the Administrator, when the moisture basis
(wet or dry) of the measurements made with this method is different from the moisture
basis of either: (1) the applicable emissions limit; or (2) the CEMS being evaluated for
relative accuracy. Moisture correction is also required if the applicable limit is in
Ib/mmBtu and the moisture basis of the Method 7E NOy analyzer is different from the
moisture basis of the Method 3A diluent gas (CO; or O;) analyzer.

9.0 Quality Control

What quality control measures must | take?
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The following table is a summary of the mandatory, suggested, and alternative
quality assurance and quality control measures and the associated frequency and acceptance
criteria. All of the QC data, along with the sample run data, must be documented and

included in the test report.
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Summary Table of QA/QC
Status |Processor |QA/QC Specification [Acceptance Criteria Checking
Element Frequency
S Identify Data Regulatory Agency or other primary end user of data | Before designing
User test
S Analyzer Analyzer resolution or | <2.0 % of full-scale range Manufacturer
Design sensitivity design
M Interference gas check | Sum of responses < 2.5 % of calibration span
Alternatively, sum of responses:
< 0.5 ppmv for calibration spans of 5 to 10 ppmv
< 0.2 ppmv for calibration spans < 5 ppmv
See Table 7E-3
M Calibration | Traceability protocol Valid certificate required
Gases (G1, G2) Uncertainty < 2.0 % of tag value
M High-level gas Equal to the calibration span Each test
M Mid-level gas 40 to 60% of calibration span Each test
M Low-level gas <20% of calibration span Each test
S Data Data resolution <0.5% of full-scale range Manufacturer
Recorder design
Design
S Sample Probe material SS or quartz if stack > 500° F Each test

Extraction
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Sample Probe, filter and sample | For dry-basis analyzers, keep sample above the dew | gach run
Extraction line temperature point by heating, prior to sample conditioning
For wet-basis analyzers, keep sample above dew
point at all times, by heating or dilution.
Sample Calibration valve SS Each test
Extraction material
Sample Sample pump material | Inert to sample constituents Each test
Extraction
Sample Manifolding material Inert to sample constituents Each test
Extraction
Moisture Equipment efficiency < 5% target compound removal Verified through
Removal system bias check
Particulate | Filter inertness Pass system bias check Each bias check
Removal
Analyzer & | Analyzer calibration Within + 2.0 percent of the calibration span of the Before initial run
Calibration |error (or 3-point system |analyzer for the low-, mid-, and high-level calibration | and after a failed
Gas calibration error for gases system bias test
Performance | dilution systems) Alternative specification: <0.5 ppmv absolute or drift test
difference
System System bias (or pre- and | Within + 5.0 % of the analyzer calibration span for | Before and after
Performance |post-run 2-point system |low-scale and upscale calibration gases each run

calibration error for
dilution Systems)

Alternative specification: <0.5 ppmv absolute
difference
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System System response time | Determines minimum sampling time per point During initial
Performance sampling system
bias test
System Drift <3.0 % of calibration span for low-level and mid- or | A fter each test
Performance high-level gases run
Alternative specification: <0.5 ppmv absolute
difference
System NO,-NO conversion > 90% of certified test gas concentration Before each test
Performance |efficiency
System Purge time > 2 times system response time Before starting
Performance the first run and
when probe is
removed from
and re-inserted
into the stack
System Minimum sample time | Two times the system response time Each sample
Performance |at each point point
System Stable sample flow rate | Within 10% of flow rate established during system | Each run
Performance |(surrogate for response time check

maintaining system
response time)




27

Sample Point | Stratification test All points within: Prior to first run
Selection + 5% of mean for 1-point sampling

+ 10% of mean for 3-point

Alternatively, all points within:

+ 0.5 ppm of mean for 1-point sampling

+ 1.0 ppm of mean for 3-point sampling
Multiple No. of openings in probe | Multi-hole probe with verifiable constant flow Each run
sample through all holes within 10% of mean flow rate
points (requires Administrative approval for Part 75)
simultaneous
ly
Data Frequency <1 minute average During run
Recording
Data Sample concentration | All 1-minute averages within calibration span Each run
Parameters  |range
Data Average concentration |Run average < calibration span Each run
Parameters | for the run

S = Suggested
M = Mandatory
A = Alternative
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10.0 Calibration and Standardization
What measurement system calibrations are required?

The initial 3-point calibration error test as described in Section 8.2.3 and the system bias
(or system calibration error) checks described in Section 8.2.5 are required and must meet the
specifications in Section 13 before you start the test. Make all necessary adjustments to calibrate
the gas analyzer and data recorder. Then, after the test commences, the system bias or system
calibration error checks described in Section 8.5 are required before and after each run. Your
analyzer must be calibrated for all species of NOy that it detects. If your analyzer measures NO
and NO, separately, then you must use both NO and NO; calibration gases.

You must include a copy of the manufacturer’s certification of the calibration gases used
in the testing as part of the test report. This certification must include the 13 documentation
requirements in the EPA Traceability Protocol For Assay and Certification of Gaseous
Calibration Standards, September 1997, as amended August 25, 1999. When Method 205 is
used to produce diluted calibration gases, you must document that the specifications for the gas
dilution system are met for the test. You must also include the date of the most recent dilution
system calibration against flow standards and the name of the person or manufacturer who
carried out the calibration in the test report.

11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8), additional
discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

Y ou must follow the procedures for calculations and data analysis listed in this section.
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12.1 Nomenclature. The terms used in the equations are defined as follows:
ACE = Analyzer calibration error, percent of calibration span.

Bws = Moisture content of sample gas as measured by Method 4 or other approved
method, percent/100.

Cave = Average unadjusted gas concentration indicated by data recorder for the test
run, ppmv

Co = Pollutant concentration adjusted to dry conditions, ppmv.

Cpir = Measured concentration of a calibration gas (low, mid, or high) when

introduced in direct calibration mode, ppmv.
Caas = Average effluent gas concentration adjusted for bias, ppmv.

Cm = Average of initial and final system calibration bias (or 2-point system
calibration error) check responses for the upscale calibration gas, ppmv.

Cma = Actual concentration of the upscale calibration gas, ppmv.

Co = Average of the initial and final system calibration bias (or 2-point system
calibration error) check responses from the low-level (or zero) calibration
gas, ppmv.

Cs = Measured concentration of a calibration gas (low, mid, or high) when

introduced in system calibration mode, ppmv.

Css = Concentration of NOx measured in the spiked sample, ppmv.

Cspike = Concentration of NOj in the undiluted spike gas, ppmv.

Ccae = Calculated concentration of NOy in the spike gas diluted in the sample,
ppmv.

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high),
ppmv.

Cw = Pollutant concentration measured under moist sample conditions, wet basis,
ppmv.

CS = Calibration span, ppmv.
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Drift assessment, percent of calibration span.
NO; to NO converter efficiency, percent.

The average NO concentration observed with the analyzer in the NO mode
during the converter efficiency test in Section 16.2.2, ppmv.

The NOx concentration corrected for the converter efficiency, ppmv.

The final NOx concentration observed during the converter efficiency test in
Section 16.2.2, ppmv

The highest NOx concentration observed during the converter efficiency test
in Section 16.2.2, ppmv

Flow rate of spike gas introduced in system calibration mode, L/min.
Total sample flow rate during the spike test, L/min.

Spike recovery, percent.

System bias, percent of calibration span.

Pre-run system bias, percent of calibration span.

Post-run system bias, percent of calibration span.

System calibration error, percent of calibration span.

Pre-run system calibration error, percent of calibration span.

Post-run system calibration error, percent of calibration span.

12.2 Analyzer Calibration Error. For non-dilution systems, use Equation 7E-1 to

calculate the analyzer calibration error for the low-, mid-, and high-level calibration gases.

ACE =

Cpoy —C
<Dt _2v 100 Eq. 7E-1
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12.3 System Bias. For non-dilution systems, use Equation 7E-2 to calculate the system
bias separately for the low-level and upscale calibration gases.

C.-C

SB = s B x 100 Eq. 7E-2

12.4 System Calibration Error. Use Equation 7E-3 to calculate the system calibration
error for dilution systems. Equation 7E-3 applies to both the initial 3-point system calibration
error test and the subsequent 2-point between run tests.

Cs _Cv

SCE = X100 Eq. 7E-3

12.5 Drift Assessment. Use Equation 7E-4 to separately calculate the low-level and
upscale drift over each test run. For dilution systems, replace “SBsina”” and “SB;” with “SCEfina”

and “SCE;”, respectively, to calculate and evaluate drift.

D =SB, —SB Eq. 7E-4

12.6 Effluent Gas Concentration. For each test run, calculate C,y,, the arithmetic
average of all valid NOy concentration values (e.g., I-minute averages). Then adjust the value of

Cay, for bias, using Equation 7E-5.

Cos = (Cuy —Co) Eq. 7E-5

Gas

12.7 NO, - NO Conversion Efficiency. If the NOx converter efficiency test described in
Section 8.2.4.1 is performed, calculate the efficiency using Equation 7E-7.

C..
EffNozz o

X100 Eq. 7E-7

\



32

12.8 NO; - NO Conversion Efficiency Correction. If desired, calculate the total NOx
concentration with a correction for converter efficiency using Equations 7E-8.

NO,.,, = NO + NO, =NO 100 Eq. 7E-8

NO2
12.9 Alternative NO, Converter Efficiency. If the alternative procedure of Section
16.2.2 is used, calculate the converter efficiency using Equation 7E-9.

Eff _ (NOXFinaI B NOFinaI)
Ho2 (NOXPeak - NOXFinaI)

x 100 Eq.7E-9

12.10 Moisture Correction. Use Equation 7E-10 if your measurements need to be

corrected to a dry basis.

Cp = Eq. 7E-10

12.11 Calculated Spike Gas Concentration and Spike Recovery for the Example
Alternative Dynamic Spiking Procedure in Section 16.1.3. Use Equation 7E-11 to determine the

calculated spike gas concentration. Use Equation 7E-12 to calculate the spike recovery.

C.. )
Ceac :—( e ) Qe Eq. 7E-11
QTotaI
Cs -C
R=—"2_"" x100 Eq. 7E-12

Calc
13.0 Method Performance
13.1 Calibration Error. This specification is applicable to both the analyzer calibration
error and the 3-point system calibration error tests described in Section 8.2.3. At each calibration

gas level (low, mid, and high) the calibration error must either be within + 2.0 percent of the
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calibration span. Alternatively, the results are acceptable if |Cgir — Cy| or |Cs-C,| (as applicable) is
< 0.5 ppmv.

13.2 System Bias. This specification is applicable to both the system bias and 2-point
system calibration error tests described in Section 8.2.5 and 8.5. The pre- and post-run system
bias (or system calibration error) must be within + 5.0 percent of the calibration span for the low-
level and upscale calibration gases. Alternatively, the results are acceptable if |Cs — Cgif| 15 < 0.5
ppmv or if |Cs — C,| is < 0.5 ppmv (as applicable) .

13.3 Drift. For each run, the low-level and upscale drift must be less than or equal to 3.0
percent of the calibration span. The drift is also acceptable if the pre- and post-run bias (or the
pre- and post-run system calibration error) responses do not differ by more than 0.5 ppmv at each
gas concentration (i.e. |Cs post-run — Cs pre-run| < 0.5 ppmv).

13.4 Interference Check. The total interference response (i.e., the sum of the
interference responses of all tested gaseous components) must not be greater than 2.50 percent of
the calibration span for the analyzer tested. In summing the interferences, use the larger of the
absolute values obtained for the interferent tested with and without the pollutant present. The
results are also acceptable if the sum of the responses does not exceed 0.5 ppmv for a calibration
span of 5 to 10 ppmv, or 0.2 ppmv for a calibration span <5 ppmv.

13.5 NO, to NO Conversion Efficiency Test (as applicable). The NO, to NO conversion
efficiency, calculated according to Equation 7E-7 or Equation 7E-9, must be greater than or
equal to 90 percent.

13.6 Alternative Dynamic Spike Procedure. Recoveries of both pre-test spikes and post-

test spikes must be within 100 + 10 percent. If the absolute difference between the calculated
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spike value and measured spike value is equal to or less than 0.20 ppmv, then the requirements
of the ADSC are met.

14.0 Pollution Prevention [Reserved]

15.0 Waste Management [Reserved]

16.0 Alternative Procedures

16.1 Dynamic Spike Procedure. Except for applications under part 75 of this chapter,
you may use a dynamic spiking procedure to validate your test data for a specific test matrix in
place of the interference check and pre- and post-run system bias checks. For part 75
applications, use of this procedure is subject to the approval of the Administrator. Best results
are obtained for this procedure when source emissions are steady and not varying. Fluctuating
emissions may render this alternative procedure difficult to pass. To use this alternative, you
must meet the following requirements.

16.1.1 Procedure Documentation. You must detail the procedure you followed in the
test report, including how the spike was measured, added, verified during the run, and calculated
after the test.

16.1.2 Spiking Procedure Requirements. The spikes must be prepared from EPA
Traceability Protocol gases. Your procedure must be designed to spike field samples at two
target levels both before and after the test. Your target spike levels should bracket the average
sample NOy concentrations. The higher target concentration must be less than the calibration
span. You must collect at least 5 data points for each target concentration. The spiking
procedure must be performed before the first run and repeated after the last run of the test

program.
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16.1.3 Example Spiking Procedure. Determine the NO concentration needed to generate
concentrations that are 50 and 150 percent of the anticipated NOy concentration in the stack at
the total sampling flow rate while keeping the spike flow rate at or below 10 percent of this total.
Use a mass flow meter (accurate within 2.0 percent) to generate these NO spike gas
concentrations at a constant flow rate. Use Equation 7E-11 in Section 12.11 to determine the
calculated spike concentration in the collected sample.

Prepare the measurement system and conduct the analyzer calibration error test as
described in Sections 8.2.2 and 8.2.3. Following the sampling procedures in Section 8.1,
determine the stack NOy concentration and use this concentration as the average stack
concentration (Cayg) for the first spike level, or if desired, for both pre-test spike levels.
Introduce the first level spike gas into the system in system calibration mode and begin sample
collection. Wait for at least two times the system response time before measuring the spiked
sample concentration. Then record at least five successive 1-minute averages of the spiked
sample gas. Monitor the spike gas flow rate and maintain at the determined addition rate.
Average the five 1-minute averages and determine the spike recovery using Equation 7E-12.
Repeat this procedure for the other pre-test spike level. The recovery at each level must be
within the limits in Section 13.6 before proceeding with the test.

Conduct the number of runs required for the test. Then repeat the above procedure for
the post-test spike evaluation. The last run of the test may serve as the average stack
concentration for the post-test spike test calculations. The results of the post-test spikes must

meet the limits in Section 13.6.
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16.2 Alternative NO, to NO Conversion Efficiency Procedures. You may use either of
the following procedures to determine converter efficiency in place of the procedure in Section
8.2.4.1.

16.2.1 The procedure for determining conversion efficiency using NO in 40 CFR
86.123-78.

16.2.2 Tedlar Bag Procedure. Perform the analyzer calibration error test to document the
calibration (both NO and NOx modes, as applicable). Fill a Tedlar bag approximately half full
with either ambient air, pure oxygen, or an oxygen standard gas with at least 19.5 percent by
volume oxygen content. Fill the remainder of the bag with mid-level NO in nitrogen calibration
gas. (Note that the concentration of the NO standard should be sufficiently high that the diluted
concentration will be easily and accurately measured on the scale used. The size of the bag
should be large enough to accommodate the procedure and time required).

Immediately attach the bag to the inlet of the NOx analyzer (or external converter if
used). In the case of a dilution-system, introduce the gas at a point upstream of the dilution
assembly. Measure the NOx concentration for a period of 30 minutes. If the NOx concentration
drops more than 2 percent absolute from the peak value observed, then the NO, converter has
failed to meet the criteria of this test. Take corrective action. The highest NOx value observed is
considered to be NOxpeak. The final NOx value observed is considered to be NOxfinal-

If the NOx converter has met the criterion of this test, then switch the analyzer to the NO
mode (note that this may not be required for analyzers with auto-switching). Document the

average NO concentration for a period of 30 seconds to one minute. This average value is
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NO#inal. Switch the analyzer back to the NOx mode and document that the analyzer still meets
the criteria of not dropping more than 2 percent from the peak value.

In sequence, inject the zero and the upscale calibration gas that most closely matches the
NOx concentration observed during the converter efficiency test. Repeat this procedure in both
the NO and NOx modes. If the gases are not within 1 percent of scale of the actual values, reject
the converter efficiency test and take corrective action. If the gases are within this criterion, use
Equation 7E-9 to determine the converter efficiency. The converter efficiency must meet the
specification in Section 13.5.

16.3 Manufacturer’s Stability Test. A manufacturer’s stability test is required for all
analyzers that routinely measure emissions below 20 ppm and is optional but recommended for
other analyzers. This test evaluates each analyzer model by subjecting it to the tests listed in
Table 7E-5 following the procedures in 40 CFR Part 53.23, 53.55, and 53.56 to demonstrate its
stability. A copy of this information in summary format must be included in each test report.
17.0 References

1. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/121.

18.0 Tables, Diagrams, Flowcharts, and Validation Data
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Figure 7E-1. Measurement System
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Figure 7E-2. Testing Flow Chart
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Table 7E-1 - Analyzer (or System) Calibration Error Data

Source Identification:

Analyzer' or System” calibration error data for

Test personnel: sampling runs:
Date: Analyzer Model No.
Time: Serial No.
Calibration Span (CS):
Manufacturer Analyzer Absolute Calibration Error
Certified Cylinder calibration difference (percent of
Value (indicate response (indicate units) calibration span)
units) (indicate
units)
A-Bx 100
A B A-B CS

Low-level (or zero) calibration gas

Mid-level calibration gas......

High-level calibration gas ....

! Refers to data from the analyzer calibration error test of a non-dilution system.
2 Refers to data from a 3-point system calibration error test of a dilution system.




Table 7E-2 - System Bias (or System Calibration Error) and Drift Data

Source Identification:

Test personnel:

41

Run Number:

Calibration Span:

Date: Response Time:
Analyzer Model No. Serial No.
Initial values Final values
Certified System System Bias' System System Bias' Drift
Calibration Calibration Response or Calibration response or Calibration (% of
Gas Level gas value (indicate Error® (% of (indicate Error* (% of calibration
(indicate units) units) calibration units) calibration span)
span) span)
Low-level
gas..........
Upscale
(high- or
mid-) level
B B e e Ml MR M

! Refers to the pre- and post-run system bias checks of a non-dilution system.
% Refers to the pre- and post-run system calibration error checks of a dilution system.
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Table 7E-3. Interference Check Gas Concentrations

Potential Sample Conditioning
Interferent | Type?

Hot Wet Dried
CO2 5and 15% | 5and 15%
H20 25% 1%
NO 15 ppmv 15 ppmv
NO?2 15 ppmv 15 ppmv
N20 10 ppmv 10 ppmv
CO 50 ppmv 50 ppmv
NH3 10 ppmv 10 ppmv
CHA4 50 ppmv 50 ppmv
SO2 20 ppmv 20 ppmv
H?2 50 ppmv 50 ppmv
HCI 10 ppmv 10 ppmv

Any of the above specific gases can be eliminated or tested at a lower level if the manufacturer
has provided reliable means for limiting or scrubbing that gas to a specified level.

For dilution extractive systems, use the Hot Wet concentrations divided by the minimum
targeted dilution ratio to be used during the test.
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Table 7E-4 - Interference Response

Date of Test:

Analyzer Type:
Model No.:
Serial No:
Calibration Span:
Test Gas Type Concentration Analyzer
(ppm) Response

Sum of Responses

% of Calibration Span
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Table 7E-5. Manufacturer Stability Test

Each Model Must Be Tested Quarterly or Once Per 50 Production Units

TEST DESCRIPTION

Acceptance Criteria
(Note 1)

Thermal Stability

Temperature range when drift does not exceed 3.0% of analyzer
range over a 12-hour run when measured with NO, present @ >
80% of calibration span.

Fault Conditions

Identify conditions which, when they occur, result in performance
which is not in compliance with the Manufacturer’s Stability Test
criteria. These are to be indicated visually or electrically to alert
the operator of the problem.

Insensitivity to Supply
Voltage Variations

+10.0% (or manufacturers alternative) variation from nominal
voltage must produce a drift of <2.0% of calibration span for
either zero or concentration > 80% NO, present

Analyzer Calibration Error

For a low-, medium-, and high- calibration gas, the difference
between the manufacturer certified value and the analyzer
response in direct calibration mode, no more than 2.0% of
calibration span

Note 1: If the instrument is to be used as a Low Range analyzer, all tests must be performed at a

calibration span of 20 ppm or less.




METHOD 10 - DETERMINATION OF CARBON MONOXIDE EMISSIONS FROM
STATIONARY SOURCES
(INSTRUMENTAL ANALYZER PROCEDURE)
1.0 Scope and Application
What is Method 107?

Method 10 is a procedure for measuring carbon monoxide (CO) in stationary source
emissions using a continuous instrumental analyzer. Quality assurance and quality control
requirements are included to assure that you, the tester, collect data of known quality. You must
document your adherence to these specific requirements for equipment, supplies, sample
collection and analysis, calculations, and data analysis.

This method does not completely describe all equipment, supplies, and sampling and
analytical procedures you will need but refers to other methods for some of the details.
Therefore, to obtain reliable results, you should also have a thorough knowledge of these
additional test methods which are found in appendix A to this part:

@) Method 1—Sample and Velocity Traverses for Stationary Sources.

(b) Method 4—Determination of Moisture Content in Stack Gases.

(©) Method 7E—Determination of Nitrogen Oxides Emissions from Stationary
Sources (Instrumental Analyzer Procedure).

1.1 Analytes. What does this method determine? This method measures the

concentration of carbon monoxide.



Analyte CAS No. Sensitivity

CcO 630-08-0 Typically <2% of Calibration Span

1.2 Applicability. When is this method required? The use of Method 10 may be
required by specific New Source Performance Standards, State Implementation Plans, and
permits where CO concentrations in stationary source emissions must be measured, either to
determine compliance with an applicable emission standard or to conduct performance testing of
a continuous emission monitoring system (CEMS). Other regulations may also require the use
of Method 10.

1.3 Data Quality Objectives. Refer to Section 1.3 of Method 7E.

2.0 Summary of Method

In this method, you continuously or intermittently sample the effluent gas and convey the
sample to an analyzer that measures the concentration of CO. You must meet the performance
requirements of this method to validate your data.

3.0 Definitions
Refer to Section 3.0 of Method 7E for the applicable definitions.
4.0 Interferences
Substances having a strong absorption of infrared energy may interfere to some extent in

some analyzers. Instrumental correction may be used to compensate for the interference. You



may also use silica gel and ascarite traps to eliminate the interferences. If this option is used,
correct the measured gas volume for the carbon dioxide (CO;) removed in the trap.
5.0 Safety
Refer to Section 5.0 of Method 7E.
6.0 Equipment and Supplies
What do | need for the measurement system?

6.1 Continuous Sampling. Figure 7E-1 of Method 7E is a schematic diagram of an
acceptable measurement system. The components are the same as those in Sections 6.1 and 6.2
of Method 7E, except that the CO analyzer described in Section 6.2 of this method must be used
instead of the analyzer described in Section 6.2 of Method 7E. You must follow the noted
specifications in Section 6.1 of Method 7E except that the requirements to use stainless steel,
Teflon, or non-reactive glass filters do not apply. Also, a heated sample line is not required to
transport dry gases or for systems that measure the CO concentration on a dry basis.

6.2 Integrated Sampling.

6.2.1 Air-Cooled Condenser or Equivalent. To remove any excess moisture.

6.2.2 Valve. Needle valve, or equivalent, to adjust flow rate.

6.2.3 Pump. Leak-free diaphragm type, or equivalent, to transport gas.

6.2.4 Rate Meter. Rotameter, or equivalent, to measure a flow range from 0 to 1.0 liter
per minute (0.035 cfm).

6.2.5 Flexible Bag. Tedlar, or equivalent, with a capacity of 60 to 90 liters (2 to 3 ft%).
Leak-test the bag in the laboratory before using by evacuating with a pump followed by a dry gas

meter. When the evacuation is complete, there should be no flow through the meter.



6.3 What analyzer must | use? You must use an instrument that continuously
measures CO in the gas stream and meets the specifications in Section 13.0. The dual-range
analyzer provisions in Section 6.2.8.1 of Method 7E apply.

7.0 Reagents and Standards

7.1 Calibration Gas. What calibration gases do | need? Refer to Section 7.1 of
Method 7E for the calibration gas requirements.

7.2 Interference Check. What additional reagents do | need for the interference
check? Use the appropriate test gases listed in Table 7E-3 of Method 7E (i.e., potential
interferents, as identified by the instrument manufacturer) to conduct the interference check.

8.0 Sample Collection, Preservation, Storage, and Transport
Emission Test Procedure

8.1 Sampling Site and Sampling Points. You must follow Section 8.1 of Method 7E.

8.2 Initial Measurement System Performance Tests. You must follow the procedures in
Section 8.2 of Method 7E. If a dilution-type measurement system is used, the special
considerations in Section 8.3 of Method 7E also apply.

8.3 Interference Check. You must follow the procedures of Section 8.2.7 of Method 7E.

8.4 Sample Collection.

8.4.1 Continuous Sampling. You must follow the procedures of Section 8.4 of Method
7E.

8.4.2 Integrated Sampling. Evacuate the flexible bag. Set up the equipment as shown in
Figure 10-1 with the bag disconnected. Place the probe in the stack and purge the sampling line.

Connect the bag, making sure that all connections are leak-free. Sample at a rate proportional to



the stack velocity. If needed, the CO; content of the gas may be determined by using the Method
3 integrated sample procedures, or by weighing an ascarite CO, removal tube used and
computing CO, concentration from the gas volume sampled and the weight gain of the tube.
Data may be recorded on a form similar to Table 10-1.

8.5 Post-Run System Bias Check, Drift Assessment, and Alternative Dynamic Spike
Procedure. You must follow the procedures in Sections 8.5 and 8.6 of Method 7E.
9.0 Quality Control

Follow the quality control procedures in Section 9.0 of Method 7E.
10.0 Calibration and Standardization

Follow the procedures for calibration and standardization in Section 10.0 of Method 7E.
11.0 Analytical Procedures

Because sample collection and analysis are performed together (see Section 8), additional
discussion of the analytical procedure is not necessary.
12.0 Calculations and Data Analysis

You must follow the procedures for calculations and data analysis in Section 12.0 of
Method 7E, as applicable, substituting CO for NOy as applicable.

12.1 Concentration Correction for CO, Removal. Correct the CO concentration for CO,
removal (if applicable) using Eq. 10-1.

CAvg = CCOstack (1‘ Fcoz)

Where:

Cawg = Average gas concentration for the test run, ppm.



Ccostack = Average unadjusted stack gas CO concentration indicated by the data recorder
for the test run, ppmv.
Fcoo = Volume fraction of CO, in the sample, i.e., percent CO, from Orsat analysis
divided by 100.
13.0 Method Performance
The specifications for analyzer calibration error, system bias, drift, interference check,
and alternative dynamic spike procedure are the same as in Section 13.0 of Method 7E.
14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
16.0 Alternative Procedures
The dynamic spike procedure and the manufacturer stability test are the same as in
Sections 16.1 and 16.3 of Method 7E
17.0 References
1. “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards” September 1997 as amended, EPA-600/R-97/121

18.0 Tables, Diagrams, Flowcharts, and Validation Data



Figure 10-1. Integrated Gas Sampling Train.
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TABLE 10-1 - FIELD DATA
Integrated Sampling

Location: Date:
Test: Operator:
Clock Time Rotameter Reading Comments

liters/min (cfm)
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